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Abstract

:

We studied the potential of white shrimp farming with groundwater from the coastal aquifer of Guasave, Sinaloa. The use of water from the aquifer in aquaculture represents challenges due to variability in the quality of groundwater. We did twenty-three vertical electrical soundings (VES), performed to guide the search for continental groundwater, obtaining the resistivity of the saturated formation (Ro) and a relationship with resistivity of aquifer water (Rw) = 0.4478 Ro + 0.8371. We obtained ionic content and nutrients from shrimp farming water. Also, a positive correlation was found between the electrical conductivity of the aquifer water (inverse of Rw) with chlorine, sodium, magnesium, and calcium ions in 34 water samples. The analysis of ions and ammonia-nitrogen, nitrates, phosphates, potassium, manganese, and calcium were used to select suitable sites to perform in two shorts bioassays: natural aquifer water and adding KCl and Mg2Cl to simulate diluted seawater. In most natural waters, survival of larvae was higher than 60%, and in simulated seawater survival improved only in two sites. Building the Rw-Ro relation allowed us to infer the quality and suitability of water and the positioning of the most suitable place for drilling. Finally, Rw relation with dissolved ions allowed us to estimate aquifer water quality and reduce uncertainty.
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1. Introduction


Aquaculture is a primary sector activity with high growth potential. This, in addition to being a food source of great nutritional value, has provided socioeconomic benefits [1]. Mexico is one of the largest aquaculture producing countries in Latin America and the Caribbean [2]. The main species considered as targets are snapper, mollusk, white shrimp, and tilapia [3].



Aquaculture is a source of jobs in Sinaloa. It contributes to food security and poverty alleviation [4]. Shrimp farming in continental waters is a viable alternative for the development of small and medium producers in rural communities [5].



The quality of the water that supplies a crop is one of the predominant factors in aquaculture. In Mexico, the water sources for aquaculture developments come to a greater extent from lagoons, rivers and the sea [6]. Recent research shows the potential for the development of systems for aquaculture organisms using groundwater in tilapia [7] and white shrimp [5,8], obtaining considerable productive returns. So, groundwater is a viable alternative for continental aquaculture [9], and according to Valenzuela et al. [10] and Valenzuela et al. [8] the ionic composition of groundwater is more important in shrimp farming at low salinities.



Extensive aquaculture farms show a gradual tendency to promote configurations for more intensive production [11]. This due to the pathologies observed in shrimp farming.



In the production processes with groundwater it is fundamental to preserve its quality and quantity, so it is a priority to determine the appropriate places for its use in aquaculture [12,13], as well as its availability and quality so that the physicochemical parameters are in optimal ranges for the growth of aquatic organisms prior to the construction of an aquaculture farm [14].



To directly evaluate the water characteristics of an aquifer is a costly process, since it requires drilling that makes large-scale evaluation impossible [15]. Given this, the use of indirect methods (VES) in conjunction with direct information is an alternative to characterize the water quality of an aquifer. This is achieved through the study of the electrical properties of the water of the aquifer formation using vertical electrical sounding (VES) [16,17,18,19,20,21]. This is a method of geophysical prospection by direct current [22] which allows knowing the electrical resistivity of the Ro aquifer formation [23]. On the other hand, Peinado et al. [24] has characterized the water quality of an aquifer by establishing relations between the electrical resistivity of the water (Rw) and electrical resistivity of the aquifer formation (Ro). It is proposed here to find the Rw–Ro relation for the study area, as well as the relation between Rw and the concentration of groundwater ions necessary for the survival of shrimp. So, once the aforementioned relations have been established, in a place in the study area where there is no drilling through the Ro value obtained by VES, the quality of the groundwater for shrimp farming can be inferred.




2. Materials and Methods


2.1. Description of Study Area


The study area is within the aquifer of the Río Sinaloa. It is located at coordinates 25° 16′ 30.9″ to 25° 41′ 31.5″ north latitude and from 108° 21′ 35.9″ to 108° 40′ 54″ west longitude (Figure 1). Based on studies carried out of geological, geophysical, and hydrogeological evidence, the Río Sinaloa aquifer has been defined as of free type, heterogeneous, and anisotropic, with alluvial and fluvial sediments of varied granulometry. The thickness of the sediments in the central portion of the coastal plain in Guasave, Sinaloa is of several hundred meters [25].



The climate is dry, warm, and very hot. For the period of 1986 to 2016, the average annual temperature is 24 °C [26]. Average annual rainfall is 429.2 mm. There are rains in two periods, one in summer with abundant rainfall from July to October and another in winter with rains from November to January with precipitation less than 5% of the annual average [25].



The aquifer structure in terms of aquifer material availability, boundaries, and geometry is determined by correlating six lithologic columns of wells (3, 29, 7, 10, 16, and 19) with depths ranging from 120 m to 150 m, provided by the National Water Comission(profile K-K’, Figure 2).




2.2. Groundwater Sampling


In the study area, water samples were collected in 34 wells (Figure 1); 28 of them were active and six were drilled for the extraction of water samples. The samples were labeled and stored in 1 L plastic bottles. At the moment of the extraction, the depth of the water table was measured with a tape. Regarding pH, electrical conductivity (EC), Total Dissolved Solids (TDS), and temperature, the measurement was carried out with a Hanna HI98130 equipment. The content of the NH4+ samples was measured with a portable photometer brand YSI 9500. Each sampling point was georeferenced with a GPS Garmin eTrex brand.



Wells are designated with acronyms that refer to the place where they are located: AB, AH, AM, BB, BR, BR2, BR3, BV, CA1, CA2, CB, CI, CM, CR, CU, FL, GA, GL, MR, PA, PB, PG, PL, PM, PR, PT, PY, RB, RC, RI, SC, SF, SP y 19.



The samples were placed on ice and transported to the Interdisciplinary Research Center for Integral Regional Development Sinaloa Unit (CIIDIR Sinaloa) fish aquaculture laboratory, Sinaloa, where the presence of nutrients (NO3−, NO2−, K+, NH4+, PO43−) was determined through colorimetric techniques using a YSI 9500 photometer (Yellow Springs, OH, USA). Metals Mn and Fe were determined using a HANNA 82,300 photometer (Hanna Instruments, Limena, Italy). Table 1 indicates the method to measure each parameter, as well as the range, wavelength, accuracy, and resolution of these instruments.



To measure the concentration of the parameters, 10 mL volume glass cuvettes were used for each sample following Table 1. Samples that exceeded the measurement concentration range of the spectrophotometer were diluted.



The ionic composition (Na+, Cl−, Ca+2) of the samples was determined in a laboratory of the 075 Irrigation District belonging to the National Water Comission (CNA).




2.3. Vertical Electrical Soundings


To carry out the vertical electrical soundings (VES) a tetraelectrodic device was used in its Schlumberger mode (Figure 3). The center of symmetry of the device is O so that the distances OA = OB = L y OM= ON = a, in addition, it maintains the relation:


MN ≤ (AB/5),



(1)







A continuous electric current of intensity I is injected through electrodes A and B, which will create an electric field in the subsoil. This field produces a potential difference ∆V between the electrodes M and N. Then, with these measurements, the apparent resistivity of the ground is obtained:


ρa = K ∆V/I,



(2)




where


K = π L^2/a,



(3)







Keeping the center of the device at O and with the purpose that the injected electric current penetrate the subsoil deeper, the separation between the electrodes is gradually increased, taking care that the relation given by equation 1 is fulfilled, thus obtaining the value of ρa as a function of each of the AB/2, separations, obtaining the apparent resistivity curve of the subsoil (AB/2 vs ρa). From this, by direct modeling considering that the terrain is formed by horizontal homogeneous and isotropic layers, the electrical resistivity of the aquifer formation, Ro, is obtained.



The number of VES were 23, each one was georeferenced in Universal Transverse Mercator coordinates (UTM). AB/2 separations of: 5, 10, 20, 30, 40, 50, 60, 80, and 100 m were used. Of the VES carried out, 13 were made at sites where there are wells and groundwater EC measurements. VES were modeled with the software RESIXP. The product of the modeling, the saturated thickness and the electrical resistivity of the aquifer formation (Ro) were obtained.



This was related to the electrical resistivity of the water (Rw) in the aquifer. The latter was obtained from the following expression:


Rw = 10/EC,



(4)




where EC is the electrical conductivity of the aquifer water in mS/cm.




2.4. Selection of Sites for Aquaculture Farming


Table 2 was prepared from a bibliographic review. It contains the range of variation, maximum values and concentrations of various physical and chemical parameters of groundwater for shrimp farming. Considering the values of these parameters, water samples from wells that met these values were selected.



The parameters are: electrical conductivity (EC), pH, total dissolved solids, ionic composition (Na+, Mg+2, Ca+2, Cl−), heavy metals present (Mn, Fe) and nutrients (NO3−, NO2−, K+, NH4+, PO43−).




2.5. Forty Eight Hours Survival Evaluation Test of P. vannamei Test


With the purpose of evaluating the survival of shrimp culture in groundwater, 70 L of groundwater were collected from each of the following seven sites: GL, CU, RB, SC, PA, PR and La 19. The samples were transported to the Department of Aquaculture of CIIDIR, Sinaloa and there they were kept in aeration with diffuser stones from the beginning of the cultures until the end of the same. The shrimp larvae culture was developed over a 48 h period in two phases: (a) with direct transfer; and (b) with direct transfer adding KCl and Mg2Cl to the water, in a similar way to that proposed by Valencia et al. [5].



2.5.1. Forty Eight Hours Survival with Groundwater


Groups of 10 postlarvae (initial weight 20.48 ± 2.08 mg) gradually acclimatized at a rate of (2 g/L/h) until a salinity of 4 g/L were transferred to containers with 2 L of water from each well for 48 h. At the end of this period, a count was made and a survival rate greater than or equal to 60% was considered as a criterion to select water samples from the wells for possible field cultivation.



As control treatments: C1 sea water was used at 30 g/L and C2 sea water diluted at 4 g/L. The cultures were performed in triplicate and fed twice a day (09:00 a.m. and 17:00 p.m.) ad libitum.




2.5.2. Forty Eight Hours Survival with Addition of Salts to Groundwater


Groups of 10 postlarvae (30.42 ± 2.42 mg) acclimated to 4 g/L were transferred to containers with 2 L of water from each well. The water samples where short-term survival (48 h) was ≥ 60% were selected.



As control treatments: C1 sea water was used at 30 g/L and C2 sea water diluted at 4 g/L. For the addition of salts in each well, the concentration of potassium chloride and magnesium chloride was calculated following the equation proposed by Boyd and Thunjai [31].



It was supplemented with potassium and magnesium salts using potassium chloride (KCl 99.0% Faga Lab®, Mocorito, Sinaloa, Mexico) and magnesium chloride (MgCl2 99.0% Faga Lab®, Mexico) for cultivation at theoretical salinity according to Boyd and Thunjai [31]. The cultures were performed in triplicate and fed twice a day (09:00 a.m. and 17:00 p.m.) ad libitum.





2.6. Statistic Analysis


The survival percentage of the bioassays were transformed with arcsine√p [5,32] due to the lack of normality of the percentages from 0 to 100% with binomial distribution [33]. A one-way analysis of variance (ANOVA) (p < 0.05) and a Tukey test (p < 0.05) was performed to identify differences between groups.





3. Results


3.1. Aquifer Structure, Rw and Ro Relation


Table 3 shows 13 wells with their coordinates, static level depth (SL), electrical conductivity (EC) of the water in the well, resistivity of the aquifer formation (Ro), and resistivity of the aquifer water (Rw). VES was performed in each well and, from the apparent resistivity curve obtained and interpreted with the program RESIXP, the value of Ro indicated in Table 3 was obtained. With the Ro and Rw values, a linear regression analysis was performed resulting in a correlation coefficient of 0.933 (Figure 4). The equation that describes the relation between Ro and Rw is: Rw = 0.447Ro + 0.8371. That is, the higher the resistivity of the saturated formation, the higher the resistivity of the aquifer water.



The structure of the aquifer was determined by the lithologic sequences of wells 3, 29, 7, 10, 16, and 19 (Figure 2). The lithologic column of these six wells was used to construct the section of the aquifer environment corresponding to the K-K’ profile (Figure 1). The columns were topographically located and correlated, showing that the aquifer environment behaves as free in wells 3, 29, and 19 and as confined in wells 7 and 16. The distribution of the aquifer materials is mainly due to the eolian and fluvial deposits of the Sinaloa River. These detrital sediments were transported and deposited by the migratory dynamics of the Sinaloa River, arranged so that coarse materials such as gravels were deposited in the deeper portions and fine materials in the shallower part. This is due to variations in the historical intensity of the flow velocity.



The coarse materials are characterized by a high hydraulic transmissivity. On the other hand, the lithological columns in this section did not penetrate the geological and hydrogeological basement, which indicates that the wells partially penetrate the aquifer.



Regarding the upper and lower limits of the aquifer, the upper limit (between wells 3, 29, and 19) is the atmospheric pressure and the pressure of an impermeable medium (between wells 7, 10 and 16). As a lower boundary, the aforementioned wells did not cut impermeable medium.




3.2. Analysis of Collected Groundwater Samples


It was indicated the behavior of the physical-chemical parameters whose values are included in the intervals of Table 2. The static level depth average of 34 water samples was about 2.98 ± 1.85 m under natural terrain and the bottom of the well was not greater than 15 m in all wells analyzed in the present study.



The pH of the water extracted from the wells was measured in situ. This showed an average of 8.02 ± 0.32 with a maximum value of 8.83 at the La 19 site and a minimum of 7.48 at the Las Glorias (GL) site. In areas outside the city, there were areas registered with groundwater with a neutral trend.



The behavior of the electrical conductivity of the groundwater predominated as saline in the coastal zone and in the localities near the municipal seat. The average was 11.06 mS/cm and the maximum values were in El Pitahayal (PY), AH, and La Brecha 2 (BR2) with 128.4 mS/cm, 95 mS/cm, and 61 mS/cm, respectively. Figure 5 (upper left) shows the variation in electrical conductivity, higher on the coastline, decreasing as it moves towards the continent.



The ammonia nitrogen concentration (see Figure 5, upper right) at the BV, CA2, PT, BR, CB, BB, MR, and PA sites was zero with the equipment YSI 9500, which has a minimum detection resolution of 0.01 mg/L, these values are mainly found in communities near the municipal seat. In contrast to this value, the La Brecha 2 (BR2) site stands out, which had the maximum concentration of 28 mg/L. The behavior of ammonia nitrogen can be observed in Figure 5, with a predominant central strip of low value, flanked to the north and south by higher levels.



Nitrites increase from south to north with lateral variations (Figure 5, lower left). The 34 samples in this study showed a mean of 0.18 ± 0.46 mg/L with a maximum of 2.68 mg/L at the site El Gallo (GA), near a lined irrigation canal. Only in La Bebelama (BB) site, no concentration was detected with the detection resolution 0.001 mg/L. This variable did not show an increasing trend in the coastal zone.



Nitrates (Figure 5, lower right) increase from south to north. Their average is 16.30 mg/L and they present a variation from 0.31 to 71.86 mg/L. The maximum value was presented in the northeast area at the San Fernando (SF) site, to the northwest in Palos Blancos (PB) with a value of 62.46 mg/L and a minimum value of 0.31 mg/L was presented in El Sacrificio (SC).



The behavior of phosphates in groundwater in the study area is shown in Figure 6, upper left. This presents alternations of maximums without defined behavior. The data showed an average of 1.46 ± 0.62 mg/L with a maximum value of 2.69 mg/L in Las Flores (FL) and 2.44 mg/L in San Fernando (SF). The minimum value was presented in Boca del Rio (RI) with a concentration of 0.41 mg/L.



Potassium (Figure 6, upper right) varies from the coast to the mainland. On the coast it acquires its highest value and in the continent the lowest. Considering the resolution of the measuring equipment, the potassium ion concentration was not detected at four sites (RB, PL, CB, and CI). The other sites presented concentrations in the range of 0.1 to 70 mg/L in the area near the municipal seat. Elevated values of 780 mg/L were found in coastal areas and 2440 mg/L at the HA site.



Figure 6, bottom left and right, shows the variation of iron and manganese, respectively. Both present a variation of high in the south and low in the north. In the case of iron, the low concentration is distributed to the NW and, for Mn, to the NE. The highest and lowest values were found in localities PY and BR2, respectively.




3.3. Correlation Matrix Matrix of Physicochemical Parameters


Table 4 shows the correlation matrix between the parameters measured in groundwater, observing high correlations between the ions of potassium, magnesium, calcium, chlorine, sodium, and some metals such as manganese and iron with electrical conductivity with correlation coefficients of 0.92, 0.99, 0.99, 0.98, 0.99, 0.82, and 0.80 respectively, this indicates that by increasing the electrical conductivity the concentration of these ions or metals increases in this study area. That is, the electrical conductivity of the water is a parameter that is related to parameters that intervene in the survival of shrimp and, in turn, the said conductivity is related to the resistivity of the water in the Ro formation, obtained by means of VES. Hence the importance of VES as a guide in the search for water for shrimp farming.




3.4. Ion Concentration Versus Total Salinity of Diluted Seawater


For shrimp farming in low salinity water or, where appropriate, groundwater, Boyd and Thunjai [31] and Roy et al. [34] emphasize that ion concentrations for an adequate shrimp culture should remain in a range equivalent to diluted seawater, however, in this study area, ideal concentrations were not present in some ions such as potassium and magnesium.



Figure 7 shows the behavior of the concentration of magnesium, calcium, sodium, and chlorine ions at sites with salinity between 0 and 6.5 g/L and their respective equivalent concentration of diluted seawater. The calcium ion concentration of the samples was above the theoretical dilute seawater. In the PY locality it reached a maximum of 9000 mg/L with a salinity of 64 g/L and, in CI, a minimum value of 30 mg/L. The sodium concentration generally showed a lower value than the equivalent concentration of diluted seawater, these in a range of 11.5 to 13,800 mg/L. Chlorine presented a minimum concentration of 17.75 mg/L in the CI site and a maximum value of 26,625 mg/L in PY. The magnesium ion maintained values above the equivalent concentration of seawater, with a maximum value in the PY locality of 3600 mg/L and a minimum of 6 mg/L in CI.




3.5. Bioassays


3.5.1. Bioassay 1 (48 h)


Figure 8A shows the result of the survival percentages of the shrimp postlarvae of the bioassay without adding salts. Preliminary 48 h cultures were performed with water from seven locations to observe the survival of the organisms. From the statistical analysis it was observed that there is no significant difference (p < 0.05) between the two controls (C1 and C2) and in the Las Glorias (GL) and El Sacrificio (SC) sites, but a difference was observed with the Las Culebras (CU), Roberto Barrios (RB), Progreso (PG), and Las Parritas (PR) sites. In the 48-h test it was observed that at only in two sites, La 19 (19) and La Progreso (PG), survival was not greater than 60%.



From the results of the first bioassay, four sites (CU, SC, PR, and 19) were taken to perform the second bioassay with the addition of salts of potassium chloride and magnesium chloride at the concentration proposed by Boyd and Thunjai [31] at the respective salinity for a groundwater culture.




3.5.2. Bioassay 2 (Addition of Salts)


Figure 8B shows the results of bioassay 2. Potassium chloride and magnesium chloride were added to the CU, SC, PR, and 19 sites. The first three obtained survival rates greater than 60%, with the exception of site La 19, which had had a survival rate of 0% in bioassay 1. The results did not show significant differences with respect to the controls (C1 and C2) and the study sites, with the exception of the PR site and La 19. Site 19 observed without the addition of salts a survival of 0% and with the addition of salts the survival was 26 ± 14%; that is, the addition of potassium and magnesium ions improved the survival in organisms cultured with La 19 water, however, it was not significant to be selected as a potential site for shrimp culture.



The result observed in the organisms cultured with the Las Parritas water source (significant difference) indicates that it can potentially be used for shrimp cultures, since an increase in survival was observed in the first 48 h. It is important to highlight that it was observed that in the cultures where salts were added as in the control bioassays, that the shrimp showed more activity (less lethargy) and energy, unlike the organisms grown in the bioassays where no salts were added.






4. Discussion


4.1. Variations of EC and Its Relation to Various Ions


In coastal areas, the electrical conductivity (EC) of water varies from moderately saline to saline, according to the Heath [35] classification. This variation is due to the interface of groundwater and seawater. Chidambaram et al. [36] reported similar behavior in a coastal aquifer, commonly influenced by the interaction of groundwater and sea. In this study the groundwater EC ranged from 2.68 mS/cm (RI site) to 95.6 mS/cm (AH site). Similar results have been reported by Peinado et al. [21] who characterized the coastal zone of Guasave in Las Glorias beach with 24 water samples from drillings, finding a variation in the EC that ranges from 1.96 to 88.60 mS/cm.



At the Guasave seat, Sinaloa Peinado et al. [37] found from 66 water samples that the EC varies from 0.18 to 8.08 mS/cm. These values are similar to those obtained in this work, ranging from 0.62 to 9.38 mS/cm.



The correlation of EC with Na+, Mg+2, Ca+2, Cl−, Mn, Fe, y K+ (Table 4) is positive and similar to that reported by Shroff et al. [38]. These authors showed good correlation between EC and the variables Cl−, Na+, Mg+2 y Ca+2 of the groundwater of an aquifer in India. Other authors have also identified relations between EC and other ions [37,39,40].



Regarding the Ca+2 concentration of groundwater, this turned out to be higher than that of diluted seawater. Boyd and Thunjai [31], as well as Valencia et al. [5], indicate that this is explained by the genesis of the aquifer.



At a couple of sites, the iron concentration is 0.56 mg/L and 2.56 mg/L, not suitable for shrimp farming or human health, since they are higher than the 0.3 mg/L established by NOM-127-SSA1-1994. Saoud et al. [41] and Rodríguez et al. [42] carried out sampling in the municipality of Guasave without reporting iron concentrations higher than 0.3 mg/L.



Near the coastal zone (site BR2) in a well at a depth between 6 and 15 m, ammonia nitrogen was high at 28 mg/L. This is explained by the presence of organic matter. Similarly, Mastrocicco et al. [43] reported elevated concentrations of NH4+ in a coastal aquifer mainly due to the presence of muddy sediments with fine material. Valencia et al. [5] found a maximum concentration of nitrates of 108 mg/L and 2.88 mg/L of nitrites. In this work the maximum values for these two variables were 71.86 mg/L and 2.68 mg/L, respectively.




4.2. Application of Ro–Rw and Rw–Ion Concentration Relationships


The resistivity of the aquifer water Rw and the resistivity of the aquifer medium, Ro (obtained by vertical electrical sounding) are related in a linear way. So that through this relation, Ro–Rw in connection with the strong Person correlations that exists between Rw and the ions Na+, Mg+2, Ca+2, and Cl−1 the aquifer is characterized and the places with groundwater are determined most suitable for growing shrimp P. vannamei.



The relation between Ro–Rw is linear and is given by Rw = 0.449Ro + 0.74 with a correlation coefficient R2 = 0.933. This result is similar to that obtained by Peinado et al. [44] of Rw = 0.427Ro + 1.987.



The Ro–Rw relation under a linear scheme presented a good adjustment like the one found by Archie [45] from data of records in wells, so the Archie relation is applicable in aquifers like the one studied here. The Ro resistivity at the BR2 site presented values from 0.19 to 1.139 ohm-m characterized as saline water, similar to that corresponding to classifications of the Ro-based saline groundwater proposed by Llanes et al. [46].



The following is an example of the application of Ro–Rw and Rw relations and ionic relations. At sites A, B and C (Figure 1) there is no well, only VES. Thus, from the interpretation of VES, values for Ro of 11.12, 4.61, and 7.74 ohm-m were found, respectively. Values for water salinity of 6.0, 3.7, and 4 ohm-m respectively can be obtained by extrapolation from Figure 4. With these values in Figure 7 the expected concentrations of calcium, magnesium, sodium, and chlorine ions are obtained from the aforementioned places. The concentrations of these sites would vary from 100 to 800, from 175 to 200, from 1400 to 1600, and from 2000 to 3500 mg/L, respectively. These values in relation to those found for the GL, CU, RB, SC, and PR sites where the water allowed a survival greater than 60% of the shrimp larvae are similar for the calcium and magnesium ions. The values of sodium and chlorine ions are higher than those of the five places mentioned above, however, given that it is sodium and chlorine ions and the water is slightly brackish, it would be expected to be useful for aquaculture.




4.3. P. vannamei Survival Bioassay


From seven water samples (salinity from 1 to 4.5 g/L) used in the bioassay from 1 to 48 h, in five of them the survival of the shrimp larvae was greater than 60%. The recommended values of the parameters in Table 2 were followed, since at low salinities (0.5 to 10 g/L) the survival of the shrimp culture depends to a large extent on the ionic composition, rather than on the salinity [41].



At the El Progreso (PG) and La (19) sites, survival was less than 60%. At the La 19 site, despite having been adequate in all the analyzed physicochemical variables, it showed null survival; this can be attributed to the fact that this site corresponds to an agricultural property where fertilizers and insecticides have been used for agricultural practice. The species P. vannamei is susceptible to insecticides [27].



In the 2 to 48 h bioassay, potassium and magnesium salts were added, increasing the survival of the PR and La 19 sites. The addition of these salts was made considering that Roy et al. [34] and Valencia et al. [5] found that adding these salts until reaching the theoretical concentration equivalent to diluted seawater increases survival. Mariscal et al. [47] added KCl and MgNO3 to the salinity groundwater of 0.65 mg/L used in the P. vannamei bioassay, obtaining a survival of 56.3 ± 1.1%. The survival obtained after 48 h of acclimatization with water (from 2 to 4.5 g/L) of five sites presented survivals greater than 60%, that is, with a mean of 83.3 ± 4.86% sown. This is comparable to that obtained by Baldi et al. [48], who carried out acclimatization work with groundwater and obtained survival of 80 ± 10% in PL19 larvae, similar to that reported by McGraw et al. [49] with a survival of 87% after 48 h of acclimatization for P. vannamei PL20 at a salinity of 2 g/L.



Bioassays to check the viability of groundwater are necessary to decide whether it is potentially suitable for aquaculture [27].



Short periods of time, such as 48 h, are not enough to indicate productivity, due to the fact that on aquaculture in a commercial-size intervene variables that depend of the aquacultor such as feed rate, density, and type of culture, among others [14]. However, the 48 h survival results suggest the possibility of carrying out a complete fattening cycle with different strategic techniques.



Valencia et al. [5] reported that 11 out of 21 groundwater samples showed greater survival at 60%. The poor survival is attributed to the low quality ionic composition. The number of sites with survival greater than 60% in their work is possibly due to the fact that they did not perform a previous selection for culture, since they performed a bioassay on all the samples from the study sites. On the other hand, in this work the selection of the cultivation sites was made after the analysis of the ionic composition of the groundwater.



Laramore et al. [50] report that P. vannamei can be cultivated in low salinities without causing differences in survival and growth compared to the culture at 30 g/L, therefore in Guasave the results show that the cultivation of shrimp with groundwater is presented as a potential alternative. However, Valencia et al. [5] highlight that, to carry out low-salinity cultivation with groundwater for more than 28 days under laboratory conditions, the water exchange is necessary to avoid quality deterioration and thereby improve survival and growth. In this way, the evaluation of the aquifer in relation to its water quality is important to estimate the possible success of a commercial aquaculture project.





5. Conclusions


Aquaculture of white shrimp through the use of continental water represents a challenge, since it departs from the traditional use of seawater that is homogeneous in relation to the continental water.



Of the 13 parameters (EC, pH, NH4+, PO43−, NO2−, NO3−, K+, Fe, Mn, Mg+2, Ca+2, Na+, and Cl−) of groundwater from a coastal aquifer analyzed, it was found by Pearson correlation that only four (Na+, Mg+2, Ca+2, and Cl−1) of them present a strong correlation (greater than 0.98) with the electrical conductivity of the water. It was also found that these four parameters are important in the survival of white shrimp larvae.



When planning the cultivation of white shrimp, as in the case of other species, it is necessary to know a priori whether the water quality is adequate for this purpose. Thus, given the dependence of the electrical conductivity of groundwater (inverse of Rw) with its concentration of Na+, Mg+2, Ca+2, and Cl−1 ions, as well as the geophysical relationship between the resistivity of the water of the Ro formation and that of the Rw groundwater, it is possible to couple them and use them jointly in places where there are no wells and it is possible to perform VES to obtain Ro.



So, the use of VES has been useful in the characterization of groundwater quality in the obtention of the Ro–Rw relation. This relation, in connection with the Rw-ionic concentrations relations (Na+, Mg+2, Ca+2, Cl−), allow for characterization and evaluation of the quality of groundwater for shrimp farming. These relations are helpful in selecting the ideal groundwater extraction sites for white shrimp aquaculture.



Laboratory tests of survival of white shrimp larvae at 48 h with water from the coastal water of the aquifer of Guasave, Sinaloa indicate that, in five places (GL, CU, RB, SC, and PR) a survival of 60% was observed, which can be increased by adding KCl and Mg2Cl so a fattening cycle can be put into practice, to go from the laboratory phase to the field phase.



An analysis such as that carried out for shrimp can be done for other species reared in aquaculture (fish, mollusks, cetaceans, and plants), considering the specific parameters of water quality for each species.
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Figure 1. Study area. Locations of the water collections sites disignated with acronyms. 
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Figure 2. Hidrogeologycal cross section (K-K’) in six litological columns on the study area. 
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Figure 3. Tetraelectrodic device with Schlumberger setting diagram used. 
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Figure 4. Linear regression of resistivity of the saturated formation Ro and electrical resistivity of the aquifer water Rw obtained from 13 wells in the communities of the study area. 
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Figure 5. Behavior of (a) electrical conductivity (EC), (b) ammoniacal nitrogen, (c) nitrites and (d) nitrates present in groundwater in the study area. 
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Figure 6. Behavior of the concentrations of (a) phosphate, (b) potassium, (c) iron and (d) manganese in the groundwater in the study area. 






Figure 6. Behavior of the concentrations of (a) phosphate, (b) potassium, (c) iron and (d) manganese in the groundwater in the study area.



[image: Jmse 09 00276 g006]







[image: Jmse 09 00276 g007 550] 





Figure 7. Concentrations (mg/L) of (a) Mg+2, (b) Ca+2, (c) Na+, and (d) Cl− versus salinity in groundwater obtained by multiply EC by 640. The solid lines represent the concentrations of the respective ion in normal seawater diluted to different salinities. 
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Figure 8. Survival of P. vannamei during the first 48 h, the letters indicate a significant difference p < 0.05 (* indicates that salts were added) (A) Survival of P. vannamei PL20 (B) Survival of P. vannamei (30.40 + 2.42 mg). 
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Table 1. Parameter description, method, range, wavelength, accuracy, and resolution of the YSI 9500 and HANNA 83,200 photometers.
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Parameter

	
Method

	
Range (mg/L)

	
Wavelength

	
Accuracy

	
Resolution (mg/L)






	
Manganese

	
Standard methods for the examination of water and wasterwater

	
0.0 to 20.0

	
Tungsten lamp @525 nm

	
±0.2%/L to 25 °C

	
0.1




	
Iron

	
EPA Phenantroline method 315B, for natural and treated waters

	
0.00 to 5.00

	
Tungsten lamp @525 nm

	
±0.04 mg/L to 25 °C

	
0.01




	
Ammonium

	
Idophenol method

	
0.00 to 1.00

	
445 ± 5 nm, 495 ± 5 nm, 555 ± 5 nm, 570 ± 5 nm, 605 ± 5 nm, 655 ± 5 nm, automatic wavelength selection

	
±0.1 mg/L to 20 °C

	
0.01




	
Nitrites

	
YSI Nitricol method

	
0.00 to 0.5

	
±0.1 mg/L to 20 °C

	
0.001




	
Nitrates

	
YSI Nitratest method

	
0.00 to 1.00

	
±0.1 mg/L to 20 °C

	
0.001




	
Phosphates

	
YSI Phosphate LR method

	
0.00 to 4.00

	
±0.1 mg/L to 20 °C

	
0.01




	
Potassium

	
YSI Potassium test based on reagent of sodium tetraphenylboron

	
0.0 to 12.0

	
±0.1 mg/L to 20 °C

	
0.1
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Table 2. Recommended concentration for culture of P. vannamei and number of samples that are under limits for culture.
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No.

	
Parameter

	
Recommended Concentration

	
Results

	
Samples with Adequate Concentration

	
Reference




	
Minimum

	
Maximum

	
Cant.

	
%






	
1

	
EC (mS/cm)

	
>1

	
0.62

	
128.4

	
30

	
90.91

	
[5]




	
2

	
ppt

	
>0.5

	
0.31

	
64

	
29

	
87.88

	
-




	
3

	
T° (°C)

	
28–32 °C

	
22.6

	
32.3

	
34

	
100.00

	
[27]




	
4

	
pH

	
6.00–9.00

	
7.48

	
8.83

	
34

	
100.00

	
[5]




	
5

	
NH4+ (mg/L)

	
<0.5

	
0

	
28

	
28

	
84.85

	
[28]




	
6

	
PO43– (mg/L)

	
-

	
0.41

	
2.69

	
-

	
-

	
-




	
7

	
NO2– (mg/L)

	
<1.45

	
0

	
2.685

	
32

	
96.97

	
[29]




	
8

	
NO3– (mg/L)

	
< 60

	
0.31

	
71.86

	
31

	
93.94

	
[27]




	
9

	
K+ (mg/L)

	
-

	
0

	
2440

	
-

	
-

	
-




	
10

	
Fe (mg/L)

	
<0.3

	
0

	
2.46

	
29

	
87.88

	
[27]




	
11

	
Mn (mg/L)

	
<1

	
0

	
8.3

	
28

	
84.85

	
[30]




	
12

	
Mg2⁺ (mg/L)

	
-

	
5

	
2000

	
-

	
-

	
-
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Table 3. Data obtained from static level depth (SL) and electrical conductivity (EC) of the aquifer water, resistivity of the saturated formation (Ro) and electrical resistivity of the aquifer water (Rw).
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Well

	
Site

	
Coordinate

	
SL (m)

	
EC (mS/cm)

	
Ro (ohm-m)

	
Rw (ohm-m)




	
X

	
Y






	
17

	
Culebras(CU)

	
746,764

	
2,810,846

	
5.2

	
5.87

	
0.54

	
1.70357751




	
30

	
La Brecha 2 (BR2)

	
762,024

	
2,803,857

	
1

	
61

	
0.39

	
0.16393443




	
1

	
Las Glorias (GL)

	
749,750

	
2,799,817

	
3.5

	
6.68

	
0.66

	
1.49700599




	
5

	
Roberto Barrios (RB)

	
739,441

	
2,825,759

	
2.45

	
5.69

	
3.32

	
1.75746924




	
26

	
Las Parritas (PR)

	
738,519

	
2,835,627

	
2

	
3.71

	
2.99

	
2.69541779




	
9

	
Sacrificio (SC)

	
738,408

	
2,814,322

	
2.7

	
3.15

	
4.98

	
3.17460317




	
32

	
La 19

	
744,854

	
2,834,744

	
1.1

	
1.95

	
6.1

	
5.12820513




	
6

	
El Progreso (PR)

	
745,516

	
2,825,179

	
2.2

	
2.98

	
6.39

	
3.37837838




	
33

	
El Pato (PA)

	
751,308

	
2,830,279

	
-

	
2.61

	
6.85

	
3.83141762




	
10

	
Cruces (CR)

	
751,738

	
2,832499

	
3.4

	
1.73

	
11

	
5.78034682




	
22

	
Ranchito de Castro (RC)

	
759,584

	
2,832,749

	
2.7

	
2.06

	
11.95

	
4.85436893




	
20

	
Marcol (MR)

	
749,883

	
2,822,226

	
5.2

	
1.35

	
14.59

	
7.40740741




	
31

	
CIIDIR (CI)

	
753,078

	
2,827,903

	
4.1

	
1.09

	
17.2

	
9.17431193
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Table 4. Pearson correlations between the water parameters: EC, pH, NH4+, PO43−, NO2−, NO3−, K+, Fe, Mn, Mg+2, Ca+2, Na+, and Cl−. Data in red correspond to p < 0.05.
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	EC
	pH
	NH4+
	PO43−
	NO2−
	NO3−
	K+
	Fe
	Mn
	Mg⁺2
	Ca⁺2
	Na⁺
	Cl−





	EC
	1.00
	
	
	
	
	
	
	
	
	
	
	
	



	pH
	–0.32
	1.00
	
	
	
	
	
	
	
	
	
	
	



	NH4+
	0.47
	–0.23
	1.00
	
	
	
	
	
	
	
	
	
	



	PO43–
	–0.16
	0.22
	–0.17
	1.00
	
	
	
	
	
	
	
	
	



	NO2–
	–0.10
	0.00
	–0.08
	0.16
	1.00
	
	
	
	
	
	
	
	



	NO3–
	–0.19
	0.05
	–0.10
	0.23
	0.47
	1.00
	
	
	
	
	
	
	



	K+
	0.92
	–0.25
	0.29
	–0.06
	–0.08
	–0.18
	1.00
	
	
	
	
	
	



	Fe
	0.80
	–0.25
	0.38
	0.01
	–0.07
	–0.15
	0.95
	1.00
	
	
	
	
	



	Mn
	0.82
	–0.35
	0.50
	0.02
	0.04
	–0.14
	0.90
	0.96
	1.00
	
	
	
	



	Mg⁺2
	0.99
	–0.30
	0.37
	–0.16
	–0.10
	–0.20
	0.94
	0.80
	0.80
	1.00
	
	
	



	Ca⁺2
	0.99
	–0.37
	0.51
	–0.13
	–0.10
	–0.20
	0.93
	0.85
	0.87
	0.98
	1.00
	
	



	Na⁺
	0.99
	–0.32
	0.52
	–0.15
	–0.08
	–0.17
	0.94
	0.86
	0.86
	0.98
	0.99
	1.00
	



	Cl–
	0.98
	–0.37
	0.60
	–0.16
	–0.10
	–0.19
	0.89
	0.81
	0.85
	0.96
	0.99
	0.98
	1.00
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