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Abstract: 
Four thermal springs were sampled bimonthly for one year to determine their physicochemical and 
microbiological characteristics. Eleven physicochemical parameters, total coliforms, fecal coliforms and free-
living amoeba were determined. In Mexico there is few works related with the quality of water from 
thermal springs, so this work helps to know the quality and some characteristics of this type of waters. The 
springs were classified by temperature as hypothermal and by the sulfates in the water as sulfate waters. 
From the dissolved salts content we determined that three were mineral waters and one was medium 
mineral water. The springs were hard water and carbonated or non-carbonated, predominantly the latter. 
Based on Ecological Water Quality Criteria, two springs exceed the recommended limit of 200 MPN/100 ml 
fecal coliforms in freshwater or seawater for recreational use with direct contact. Of the total, 83% of the 
samples tested positive for free-living amoebae and 7 genera were isolated; of these Naegleria was present 
in all the sampled sites. In general, the springs presented higher microbiological contamination in the pools 
than in the springs themselves due to the presence of bathers. The detection of total and fecal coliforms and 
the presence of thermophilic amoebae of the genera Acanthamoeba and Naegleria in the springs represent 
a health risk for users. 
 

Keywords: Thermal waters, water quality, total and fecal coliforms, free-living amoebae. 

 

1.0 Introduction: 
Springs appear where water from underground 
flows to the surface. They are considered good 
quality natural water because before emerging at 
the ground surface the water has traveled through 
several kilometers of rock, sediment and soil which 
act as natural filters to remove all kinds of 
contaminants and, in many cases, enrich it with 
minerals and substances needed by humankind 
(IMTA, 2008). Springs are therefore widely used 
for bathing and curative purposes (Sukthana et al., 
2005). They are classified in different ways 
according to their physicochemical characteristics, 
such as temperature and salinity, among others. 
Springs with a temperature between 35° and 45°C 
are mesothermal; those with higher temperatures 
are hyperthermal and lower temperatures, 
hypothermal.  Mineral waters (those with more 
than 1 g/L dissolved salts) may be sulfate, chloride 
or carbonated, among others types, depending on 
the predominant ion (Barrientos et al., 2000). 
Spring water can be contaminated when it reaches 
the ground surface. Microorganisms that 
contaminate this kind of water come from the 

environment and from the skin, mucus and clothes 
of bathers. The majority of these microorganisms 
are not pathogens, but some can cause infections 
in humans. There is epidemiological evidence to 
indicate that bathing or swimming in 
contaminated waters poses a potential health risk. 
Infections transmitted by swimming pool and 
spring water are probably the result of inadequate 
cleaning and/or disinfection (Vesaluoma et al., 
1995; Zbikowska et al., 2013).  
 
Given the difficulty in determining the presence of 
all the pathogenic microorganisms implicated in 
water contamination processes, and the need for a 
quick and reliable evaluation of the presence of 
pathogens, it has been suggested that certain 
groups of indicators be analyzed, such as total and 
fecal coliforms (Arcos-Pulido et al., 2005). 
However, these indicator groups only represent 
the risk from pathogenic bacteria originating from 
fecal matter and so it is necessary to take into 
account microorganisms that represent other 
types of infection, like free-living amoebae, which 
can cause brain, eye and skin infections and can be 
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transmitted during swimming or by contact with 
naturally hot or artificially heated spring water 
that is contaminated with these protozoa 
(Visvesvara et al., 2007). 
 
In addition to recreational purposes, springs are 
also used to supply water for human consumption. 
However, the sources of contamination in surface 
water also affect groundwater and become a 
danger to health for users especially when they 
are used as a source of drinking water and/or for 
recreation. Such is the case in the work of Romeu-
Álvarez et al., who in their 2012 study concluded 
that the microbiological quality of the river 
Luyanó, which receives untreated urban and 
industrial wastewater, is unsuitable for recreation 
and agricultural irrigation. In 2010, Romero et al. 
studied 15 sites along the river Hardy finding that 
in the period of recreational activity only 5 sites 
met the standard while in the period from August 
to November all the sites were contaminated. 
 
There are few works on the quality of spring 
water; among these is that of Cortés et al. (1989) 
who studied the isotopic and hydrochemical 
variation of 38 springs in the Valley of Mexico. In 
2000, Barrientos et al. conducted a hydrochemical 
study of two springs in Venezuela. In the study 
conducted by Granel and Gales (2002), the authors 
concluded that population developments had 
affected the water quality, although the water 
quality index was acceptable for recreational use. 
González et al., (2006) found that the water quality 
of 14 springs was acceptable even as drinking 
water with prior disinfection. Guimaräes et al. 

(2010) studied the water quality of 22 wells and 6 
springs finding total coliforms in 93% and fecal 
coliforms in 82% of the study sites. Some studies 
have been conducted on free-living amoebae in 
hot springs in different countries, among them 
Mexico (Rivera et al., 1989; Vesaluoma et al., 
1995; Sheehan et al., 2003; Sukthana et al., 2005; 
Gianinazzi et al., 2010; Badirzadeh et al., 2011; Kao 
et al., 2012; Nazar et al., 2012; Solgi et al., 2012; 
Zbikowska et al., 2013).   
   
Due to the importance of the water quality of 
thermal springs with primary contact recreational 
use and the few works performed in Mexico, the 
aim of this study was to determine the 
physicochemical and microbiological 
characteristics of four thermal springs located in 
the state of Morelos, Mexico. 
 

2.0 Materials and Methods: 
2.1 Sampling Site: 

Samples were drawn from 4 spring resorts located 
in the state of Morelos: Atotonilco thermal baths 
in the municipality of Tepalcingo. (A) (18

0
 38´ 

42.95´´ N; 98
0
 49´ 53.85´´ W;  elevation 1235 m), 

Agua Hedionda in Cuautla (B) (18
0
 48´ 30.91´´ N;  

98
0
 55´ 26.31´´ W;  elevation 1362 m),  Las Huertas 

Xicatlacotla, Tlaquiltenango (C) (18
0
 27´ 49.69´´ N;  

99
0
 09´ 12.12´´ W;  elevation 958 m), and San Juán 

II in San Gabriel las Palmas (D) (18
0
 36´ 19.13´´ N;  

99
0
 20´ 48.85´´ W;  elevation 1138 m). All the 

springs are thermal water and used to supply 
water to swimming pools (Figure 1).  

 

 
Figure 1: Localization of the springs in Morelos State, Mexico 
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2.2 Sampling Procedure: 
The samples were drawn on a bimonthly basis for 
one year. Samples were collected from the sites 
where the spring water comes to the surface (BR) 
and from the pools (AL) which are fed from the 
spring water (Figures 2, 3, 4, 5, 6, 7, 8 and 9). 
Samples were taken in sterile containers for 
microbiological determinations (total coliforms, 

fecal coliforms and free-living amoebae) and in 
1500 mL container for the analysis of 
physicochemical parameters (total alkalinity, total 
calcium and magnesium hardness, chlorides, 
sulfates, nitrates, turbidity, conductivity and 
dissolved solids). Dissolved oxygen, pH and 
temperature were measured on-site. 

 

 
Figure 2. Spring A-BR 

 

 
Figure 3. Spring A-AL 

 
Figure 4. Spring B-BR 

 

 
Figure 5. Spring B-AL 

 
Figure 6. Spring C-BR 

 

 
Figure 7. Spring C-AL 

 
Figure 8. Spring D-BR 

 
                            Figure 9. Spring D-AL                        251 
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3.0 Results and Discussion: 
A total of 352 analyses were performed. We used the results of the physiochemical parameters to calculate 
the average value, standard deviation and maximum and minimum values (Table 1).  
 

Table 1. Values of the physicochemical parameters of the spring waters. 
 

  A-BR A-AL B-BR B-AL C-BR C-AL D-BR D-AL 

 
 
pH 

Mean 6.8 
± 0.08 

7.2 
± 0.05 

6.2 
±0.14 

6.5 
± 0.13 

6.8± 
0.05 

7.6 
± 0.08 

7.1 
± 0.13 

7.4 
± 0.08 

Max. 7.2 7.3 6.4 6.6 7 7.9 7.3 7.6 

Min. 6.7 7.1 6.1 6.3 6.7 7.4 6.9 7.1 

Total hardness 
in mg/L as 
CaCO3 

Mean 732 
± 35 

753 
± 12.5 

1679 
± 310 

1648 
± 158 

1277 
± 123 

1250 
± 64 

559 
± 175 

637 
± 29 

Max. 758 764 1919 1843 1412 1404 594 657 

Min. 672 734 1428 1423 1140 1111 535 603 

Calcium 
hardness in 
mg/L as CaCO3  

Mean 503 
±60.6 

495 
±69.6 

594 
±103 

547 
±76.7 

826 
±83 

815 
±119 

205 
±91 

285 
±91 

Max. 566 549 700 631 936 968 360 424 

Min. 374 400 384 435 681 671 128 133 

Magnesium 
hardness in 
mg/L as CaCO3 

Mean 189 
±75.7 

210 
±74.1 

1069 
±136 

1090 
±116 

417 
±118 

348 
±181 

321 
±101 

628 
±104 

Max. 384 364 1323 1252 586 619 466 657 

Min. 157 200 905 940 310 143 196 603 

Total alkalinity 
in mg/L  as 
CaCO3 

Mean 215 
± 38 

203 
± 32 

625 
± 264 

609 
± 265 

213 
± 37 

212 
± 36 

250 
± 43 

237 
± 40 

Max. 234 215 733 748 228 225 269 256 

Min. 188 184 477 479 191 191 216 203 

 
Nitrates in 
mg/L 

Mean 1.52 
± 0.66 

1.33 
± 0.42 

0.035 
± 0.01 

0.05 
± 0.04 

0.097 
± 0.02 

0.085 
± 0.03 

0.086 
± 0.04 

0.031 
± 0.05 

Max. 2.32 1.9 0.149 0.169 0.121 0.146 0.137 0.105 

Min. 0.819 0.863 0 0 0.064 0.045 0.038 0 

 
Chlorides in 
mg/L 

Mean 25.1 
± 3.7 

26.6 
± 0.93 

74.7 
± 18.9 

74.4 
± 19.5 

15.5 
± 3.1 

16.6 
± 2.9 

6.9 
± 1.76 

5.9 
± 1.71 

Max. 42 44 85 84 24 25 9.8 11.6 

Min. 14.9 21.8 43.9 42.5 9.6 11.2 3.7 2.3 

 
Sulfates  in 
mg/L 

Mean 780 
± 41 

888 
± 35 

1410 
± 60 

1466 
± 87 

1539 
± 74 

1530 
± 88 

391 
± 28 

569 
± 53 

Max. 888 959 1605 1597 1642 1616 442 613 

Min. 534 777 786 1127 1278 1410 342 501 

 
Dissolved 
solids in mg/ 

Mean 1166 
± 35 

1231 
± 37 

2454 
± 160 

2441 
± 43 

1947 
± 58 

1918 
± 32 

744 
± 60 

855 
± 64 

Max. 1226 1289 2581 2553 2011 1998 823 918 

Min. 1136 1188 2247 2301 1824 1869 687 816 

 
Temperature 
in 

o
C 

Mean 32.4 
± 1.9 

31.2 
± 1.7 

26 
± 1 

25.6 
± 0.96 

30.3 
± 1.4 

30.6 
± 2.4 

29.8 
± 1.5 

29.9 
± 1.75 

Max. 35 35 29 28 33 34 32 34 

Min. 31 29 24 24 29 28 27.5 29 

 
Dissolved 
oxygen in 
mg/L 

Mean 1.97 
± 0.27 

3.45 
± 0.8 

1.23 
± 0.1 

2.8 
± 0.19 

1.25 
± 0.05 

5.82 
± 0.57 

2.72 
± 0.26 

4.2 
± 0.22 

Max. 3.8 4.2 2 4.2 2.6 6.8 3 5 

Min. 1.6 3 0.5 2.2 0.8 4.8 2.1 3 
 

A, B, C and D = springs; BR = surface source; AL = swimming pool 
252 
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The most acidic pH values were found in spring B-
BR with 6.2 and B-AL with 6.5, while the most 
alkaline values were found in spring D-BR with 7.1 
and D-AL with 7.4, however, it can be seen that 
the pH values measured at the surface source of 
the springs were slightly lower than those 
measured where swimming occurs or there are 
more bathers. According to the standard for 
swimming pool water, NOM-245-SSA1-2010 (SS, 
2012), pH should be between 6.5 and 8.5, and 
although this standard does not apply to springs, 
given their recreational use the values found are, 
in general, within the recommendations, with the 
exception of spring B-BR which had an average pH 
of 6.2 and B-AL which reached the limit of 6.5. 
Although primary skin irritation appears to be 
related to high pH, the mechanism remains 
uncertain and while high or low pH is unlikely to be 
the direct cause of irritation or dermatitis, these 
conditions can be aggravated, especially in 
sensitive subjects. The eye can also be affected 
and high or low pH may favor and aggravate eye 
irritation by chemical substances (Díaz-Solano, 
2011; OMS, 2000). The springs had pH lower than 
the reported by Romero et al. (2010), they 
reported average values between 8.0 and 8.4 in 
recreation sites; while Diaz-Solano et al. (2011) 
were 7 and 8.18 in the effluent from pool 
 

The conductivity of the springs varied between 840 
and 2535 µs/cm and this values were lower than 
the reported by Romero et al. (2010).The 
conductivity depended on the concentrations of 
dissolved solids, which were highest in spring B in 
both surface source and swimming pool (2,454 and 
2,441 mg/L), and lowest in spring D (744 and 855 
mg/L). Based on the dissolved salt content, springs 
A, B and C are considered mineral waters since 
their content is above 1 g/L (1.17, 2.48 and 1.97 
g/L respectively) while spring D is considered 
medium mineral since its content is between 0.2 
and 1 (0.744 g/L) (Fagundo, 2007). The standard 
allows turbidity up to 5 NTU and in all cases the 
values were between 0.23 and 0.82, therefore 
meeting the criterion. Low concentrations of 
dissolved oxygen were found in the springs where 
they emerged at the surface, increasing where 
bathers swim due to the water’s exposure to air 
during its trajectory and the aeration caused by 
the bathers. The highest value at surface source 
was in spring D-BR with 2.72 mg/L and in pools C-
AL with 5.82 mg/L. Dissolved oxygen is important 
to avoid the formation of undesirable amounts of 
hydrogen sulfide. A concentration of more than 
80% saturation is sufficient to obtain well 

oxygenated water.The highest nitrate values were 
found in A-BR with 1.52 mg/L and the lowest in B-
BR with 0.035 mg/L. 
 
Based on the temperature, the springs can be 
classed as hypothermal (20 to 35

o
C). The spring 

with the highest values was A-BR (32.4
o
C) and the 

lowest, B-AL (25.6
o
C). Total alkalinity was highest 

in B-BR (625 mg/L as CaCO3) and lowest in A-AL 
(203 in mg/L as CaCO3). Water alkalinity is 
necessary for the pH to remain stable over time 
(buffer capacity) and with the water use. However, 
high alkalinity values cause problems in water 
since they lead to the formation of small particles 
that cause turbidity (Fagundo, 2007). Due high 
sulfate values mean, the spring water is classified 
as sulfate mineral water. The highest values were 
in springs C and B both at surface source and in 
swimming pools (1539 and 1530 the first, and 
1410 and 1466 mg/L the second) (Table 1). Spring 
B had the highest values of chlorides in both 
surface source and pool (74.7 and 74.4 mg/L). The 
lowest values were in spring D in surface source 
and pool (6.9 and 5.9 mg/L). Thus, chlorides are 
not the predominant anions and would be classed 
as low chloride (less than 10 g/L) (Fagundo, 2007). 
The highest total hardness presented in B-BR 
(1679 mg/L as CaCO3) and the lowest in D-BR (559 
mg/L as CaCO3). All the springs had very hard 
water and based on the total alkalinity to total 
hardness ratio, the springs are both hard 
carbonated and hard non-carbonated, non-
carbonated predominating (Table 2) (Romero, 
1999). The prevailing hardness in springs A and C 
was calcium and in B and D magnesium (Table 2). 
 

Regarding bacteriological contamination, the six 
samples from spring A-BR contained total and fecal 
coliforms, four of which had values above 1000 
cfu/100 ml, followed by C-AL which also had 
contamination in all six samples, but only one was 
above 1000 cfu/100 ml. The spring with the lowest 
incidence of total and fecal coliforms was A-AL 
with one sample containing fecal coliforms and 
two with total coliforms (Table 3). In general, the 
springs were less contaminated at surface source 
than in the pools, with the exception of spring A-
BR (with the geometric mean of 2370 cfu/100 ml 
for total coliforms and 1316 cfu/100 ml for fecal 
coliforms) (Table 4). However, the pool at this 
resort (A-AL) was the least bacteriologically 
contaminated, perhaps due to the fact that the 
pool was fed by another source in addition to the 
spring, allowing the water to be diluted.  
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According to the World Health Organization 
(WHO) and the Federal Commission for Protection 
against Health Risks (Comisión Federal para la 

Protección contra Riesgos Sanitarios, México, or 
COFEPRIS), the increased coliforms in the pools 
may be caused by fecal contamination which may 
be transmitted by the bathers themselves, or to 
the water being contaminated as a result of an 
accidental fecal release, or the result of direct 
contamination by animals such as birds or rodents. 

Other potential sources of contamination by 
pathogenic organisms could be the vomit, mucus, 
saliva and skin of the bathers. Moreover, certain 
bacteria and free-living amoebae can grow in 
pools, including pathogenic bacteria that may 
cause respiratory, dermal or central nervous 
system infections (OMS, 2000; COFEPRIS, 2013; 
Salas, 2000). 
 

 

Table 2. Classification of the water hardness of the springs. 
 

 
Spring 

Total Alkalinity in 
mg/L as CaCO3 

Total Hardness in 
mg/L as CaCO3 

Type of Water 
Source: 
Romero, 1999 
 

Carbonated 
Hardness 

Non-carbonated 
Hardness 

A-BR 215 732 Very hard 215 517 

A-AL 203 753 Very hard 203 550 

B-BR 625 1679 Very hard 625 1054 

B-AL 609 1648 Very hard 609 1039 

C-BR 213 1277 Very hard 213 1064 

C-AL 212 1250 Very hard 212 1038 

D-BR 250 559 Very hard 250 309 

D-AL 237 637 Very hard 237 400 

 
Table 3. Frequency of Total and Fecal Coliforms 

 

 
CFU/100 ml 

A-BR 
TC/TF 

A-AL 
TC/TF 

B-BR TC/TF B-AL 
TC/TF 

C-BR 
TC/TF 

C-AL 
TC/TF 

D-BR 
TC/TF 

D-AL 
TC/TF 

0  4 / 5 0 / 5 0/1 0/1   0 / 1 

1 -100  0/1 1 / 0 6 / 1 4/ 3 5 / 4 0/ 2 4 / 4 0 / 1 

101 -200 1/ 0     2 / 0 1 / 2 2 / 2 

201 – 399  1 / 1  1 / 1 1 / 1 1/ 2 1/0 2 / 1 

400 – 1000 1/1   1/1  2 / 1  2/1 

> 1000 4/4     1/1   

 
Table 4. Geometric Means of Total and Fecal Coliforms 

 

 A-BR A-AL B-BR B-AL C-BR C-AL D-BR D-AL 

Total C. 2370 0.48 10 65.5 11.03 481.2 66.4 272.6 

Fecal C. 1316 0.25 0 13.35 4.1 263.5 25.13 60.4 

 
Table 5. FLA Genera Present in Springs 

 

FAL Genera A-BR A-AL B-BR B-AL C-BR C-AL D-BR D-AL 

Acanthamoeba - - - + - - - - 

Korotnevella + - - - - - - - 

Naegleria + + + + + + + + 

Thecamoeba +  - + - + + - 

Vannella - + - - - - + + 

Vermamoeba + + + + - + + + 

Vexillifera + + + + + - + + 

+Presence  - Absence 
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In accordance with the Official Mexican Standard 
NOM-245-SSA1-2010 (SS, 2012), fecal coliforms 
must be in concentrations lower than 40 MPN/100 
ml; thus, springs A-BR, C-AL and D-AL do not meet 
the standard. However, according to the Ecological 
Water Quality Criteria, fecal coliforms must not 
exceed 200 MPN/100 ml in fresh water or 
seawater for recreational use with direct contact 
and no more than 10% of the monthly samples 
should exceed 400 MPN/100 ml (SEDUE, 1989), 
consequently, only springs A-BR and C-AL do not 
comply with the recommendations. Romero et al. 
(2010) found that in two of the sampled sites, used 
for recreation, fecal coliform were above the 
USEPA criteria (geometric mean of 126 MPN / 100 
ml) and in this work sites A-BR and C-AL also were 
above the USEPA criteria, due to possible 
contamination of the aquifer and pollution caused 
by the users of the pools, as reported by Diaz-
Solano (2011) who found no fecal coliforms in the 
influent of the pool and pollution in the effluent. 
 

Of the 48 samples analyzed, 83% tested positive 
for the presence of free-living amoebae. Seven 
genera of amoebae were isolated, Naegleria being 
present in all the sampled sites both at surface 
source and in the pools. Genera Vermamoeba and 
Vexillifera were present in 7 of the 8 sites (Table 
5). Of the isolated amoebae, Naegleria and 
Vermamoeba (Hartmannella) have been reported 
frequently in hot springs and swimming-pools 

(Nazar et al., 2012; Solgi et al., 2012; Zbikowska et 
al., 2013). 
 

Of the amoebae isolated, genera Naegleria and 
Acanthamoeba have been reported as potential 
pathogens and presented in 39% and 2% of the 
analyzed samples, respectively. Vermamoeba has 
been reported in association with a brain infection 
and eye infections, but its causative role has not 
been proven. However, the high percentage (39%) 
reported here is a reason for caution. Amoebae of 
genera Korotnevella, Thecamoeba, Vexillifera and 
Vannella have not been reported as pathogens, 
but have been frequently isolated from domestic 
wastewater (Ramirez et al., 1993, 2005). The 
amoebic genera that grew at 42°C were 
Acanthamoeba, Naegleria and Vermamoeba. The 
presence of the first two in the water may 
represent a health risk since it has been reported 
that all pathogenic amoebae are thermophiles, 
although not all thermophiles are pathogenic 
(Visvesvara et al., 2007). In general, the number of 
amoebic isolates was low, but the mere presence 
of genera Acanthamoeba and Naegleria in water 
used for swimming is cause for concern given the 
pathogenic potential of these amoebae (SS, 2012). 
Boxplots were drawn to determine the variation of 
the physicochemical and microbiological 
parameters between the two sampling zones: 
swimming pool (AL) and surface source (BR) 
(Figure 10). 

 

 
 

                                                           Figure 10. Boxplots by sampling site (surface source and pool)                    255 
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The parameters with the highest concentrations in 
the pools were pH, DO, sulfates, magnesium 
hardness, total hardness, conductivity, dissolved 
solids and turbidity; while the highest 
concentrations at surface source were 
temperature, total alkalinity, chlorides, nitrates, 
total coliforms, fecal coliforms and FLA. The 
parameters that had the highest dispersion above 
the median were pH, DO and FLA at surface 
source; total hardness, magnesium hardness and 
conductivity in pools; and temperature, chlorides, 
dissolved solids and turbidity at both sites. The 
values that had the highest dispersion under the 
median were DO, nitrates and FLA in pools; total 
hardness, total coliforms and fecal coliforms at 
surface source; and total alkalinity, calcium 
hardness and sulfates at both sites. 
 

The distribution of data was more similar for pH, 
total hardness, total coliforms and fecal coliforms 
in pools, and magnesium hardness, turbidity, DO 
and conductivity in surface sources. There was 
greatest variability in DO, calcium hardness and 
magnesium hardness in pools; and in nitrates, total 
coliforms and fecal coliforms in surface sources; 
and in temperature in both pools and surface 
sources. The number of free-living amoebae 
isolations was higher in surface sources than in the 
pools (Figure 10); this may be due to 
contamination by people who swim in those sites 
in addition to the amoebae that are naturally 
found in thermal springs (Vesaluoma et al., 1995) 
as was the case of springs A-BR and D-BR. Boxplots 
were used to find the seasonal variation of the 
parameters (Figure 11). In general the variation 
was too great and no difference could be observed 
between the months studied.  

 

 
 

Figure 11 Seasonal variation of the parameters analyzed 
 

The ANOVA showed that only pH, DO, total 
coliforms and fecal coliforms presented significant 
differences (p ≤ 0.005). The other parameters 
showed no significant variation throughout the 
year (Table 6). One function was obtained from 
the discriminant analysis that represented 92.9% 
of the variation and was comprised of the 
parameters conductivity, dissolved solids, total 
hardness, total alkalinity, chlorides and sulfates 
(Table 7). This information was used to calculate 
the Mahalanobis distances (Table 8) and a 

scatterplot was obtained (Figure 12), where the 
greatest distances can be observed between B and 
D with a value of 2237 and the lowest between 
springs A and D with a value of 254. Thus, springs 
B and D presented the highest differences 
according to the parameters that formed function 
one, and springs A and D were the most similar. 
The parameters comprising function one were 
conductivity, dissolved solids, total hardness, total 
alkalinity, chlorides and sulfates which constituted 
92.9% of the total variation.   

256 



Universal Journal of Environmental Research and Technology    

 

Esperanza Robles et al 
 

Table 6. Results of the ANOVA of Physicochemical and microbiological parameters 

Parameter F P 

pH 13.2 0.005 

Temperature 0.89 0.369 

DO 31.6 0.000 

Total alkalinity 2.22 0.167 

Total hardness 2.45 0.149 

Calcium hardness 0.04 0.843 

Magnesium hardness 0.42 0.531 

Sulfates 3.21 0.103 

Chlorides 0.08 0.782 

Nitrates 0.40 0.543 

Conductivity 3.27 0.101 

Dissolved solids 10.83 0.008 

Turbidity 3.15 0.107 

Total coliforms 17.41 0.002 

Fecal coliforms 15.78 0.003 

FLA 8.27 0.017 
 

Table 7. Results of the Discriminant Analysis between the Springs. 

Function 
Characteristic 

value 
X

2
 

Observed 
significance 

level (P) 

Cumulative 
variance 

percentage 
Variables 

1 353.9 425.1 0.000 92.9 

Conductivity, 
dissolved solids, total 
hardness, total 
alkalinity, chlorides 
and sulfates. 

 

Table 8. Mahalanobis Distances between Sampling Springs. (p-level = 0.000) 

 A B C 

A    

B 1239   

C 326 437  

D 254 2237 1095 
 

 
Figure 12 Scatterplot 
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4.0 Conclusions: 
The four springs are hard water and predominantly 
non-carbonated, but in springs A and C the 
hardness is due to calcium and in B and D to 
magnesium. The temperatures observed and high 
values of dissolved salts and sulfates indicate that 
the springs can be considered hypothermal with 
sulfate mineral water. Spring B had lower-than-
recommended pH and the highest total alkalinity 
values which may cause problems in the skin, eyes 
and nose mucus of bathers. Springs A and D were 
the most similar and spring B the most different in 
relation to conductivity, dissolved solids, total 
hardness, total alkalinity, chlorides and sulfates. In 
general, the springs presented higher 
microbiological contamination in the pools than in 
the surface source due to the presence of bathers. 
The detection of total and fecal coliforms and the 
presence of thermophilic amoebae of genera 
Acanthamoeba and Naegleria in the springs 
represent a health risk to users. 
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