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ABSTRACT

Numerous studies and theories have emerged for evaluating the quality of beaches using different
parameters. In recent years in the European region, one of the most important aspects when evaluating
a beach is the quality of water and sand. The quality of water is represented by the amount of Intesti-
nal Enterococcus and Escherichia coli. This parameter is essential and others to obtain the Blue Flag,
indicating that the user of the beach can swim safely. The European Directive 2006/7/EC establishes
the limits of E. coli and Enterococcus that may exist in bathing water. However, it should be noted that
each ecosystem is unique, and therefore the characteristics a beach are not the same per example if you
are in an inland sea, or an ocean, or equal if they are close to an urban or a natural area. In this paper,
1,392 beaches in Spain have been analysed, and it has been observed that in the Mediterranean, the
beaches have a lower concentration of bacteria than other areas. In addition, it appears that the sandy
beaches and urban beaches have a higher content of bacteria that natural and gravel beaches.
Keywords: E. coli, enterococcus, natural, sand and gravel beaches, urban and semi-urban beaches,
water quality.

1 INTRODUCTION

Spain is an eminent tourist country, where the sun and beach tourism occupies an important part
of the sector. The beaches play a key role, because in them, most of the holiday activities of
millions of tourists are developed annually. This means that a minimum of quality must be satis-
fied in coastal areas and especially in the waters, so that people who choose to enjoy the coast,
do not compromise their health [1]. In order to preserve natural resources and public health,
legislation brand guidelines to follow, through Directive 2006/7/EC of the European Parliament
and of the Council concerning the management of the quality of bathing water is drawn.

One factor that makes the water quality is faecal bacteria Escherichia coli and Enterococ-
cus. This type of faecal coliform are transmitted to humans through their faecal-oral cycle
[2, 3]. After discharge into the environment, these organisms can survive in the water column
or associated with the particles being accumulated in sediments [4—6].

Several studies investigating the growth of E. coli in the sand [7, 8], checking a rich organic,
fine-grained sand, humid environment is conducive to persist, grow and lead to high densities
of E. coli on the beach. In this regard, the turbidity of the water is correlated with the abun-
dance of enteric bacteria, driven precisely the type of fracture and the sediment on the coast
[9, 10].

The surroundings where the beach is located, it is also crucial to their quality, as several
studies [11, 12] have shown that urban beaches have worse quality than natural or semi-urban.
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The objective of this research is will therefore study the relationship between the concen-
tration of faecal bacteria, E. coli and Enterococcus, for the coastal area of Spain in the coastal
bathing waters as well as the characteristics of the beach according to the type of sediment
making up the beach, the degree of urbanization of the environment, population and population
density of the municipality in which it is located.

2 STUDY AREA

The study area covers the entire Spanish coast, with notable differences between the
Cantabrian, Atlantic and Mediterranean coasts, and its location in the North or South area
(Fig. 1). Atlantic coasts are characterized by few coastal plains and be beaten by temporary
high energy, with mild temperatures and high rainfall. They have large estuaries in Galicia
and shorter in the Cantabrian area, with beaches on its banks. Strait area (South Atlantic) with
a mild climate has abundant beaches and sand dunes. Canary Atlantic coast, are characterized
by their volcanic origin, subtropical climate and low rainfall. The northern part is steeper and
the southern beaches abound.

The Mediterranean coast, with mild winters and warm summers, presents a variety of
coastal enclaves ranging from coastal lagoons (Albufera, Mar Menor), the dune ridges
(Guardamar) through extensive beaches in Valencia or volcanic coast as Cape Gata with a
rich vegetation associated with a semi-arid climate characteristics.

A total of 1,392 beaches along the Spanish coast were analysed. Of these, 74.5% of the
beaches consist of sand (1,037), 6.3% of the beaches are pure gravel (88) and 19.2% (267)
are at a combination of sand and gravel, as rated by Pye [13].

The 47.1% from the beaches of Spain are urban beaches, and this percentage is being
somewhat higher in the Mediterranean region (53% in the Northern Mediterranean and 60%
in the Southern Mediterranean). However, the natural beaches represent only 19.3% of the

Figure 1: Location and grouping of the coastal provinces of Spain.
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Figure 2: Population density in coastal provinces of Spain.

analysed beaches, being the Strait, which has the highest percentage of natural beaches
(28%), according to the classification of the urbanization level of Ariza ef al. [14].

The 19 provinces seafront have a third of the Spanish surface and 60% of the population. Its
density is twice the national average, ranging from 100 to more than 500 inhabitants per km?.
However, not all the coast has a uniform density, there are areas that are large concentrations
of population: the Galician Rias, points of the Asturias coast, Cantabria and Basque, Barce-
lona and its surrounding area, orchards Levantine area and its tourist coast, the Costa del Sol
and the lower valley of the Guadalquivir (Fig. 2).

3 METHODOLOGY
The tasks were performed in three phases, data collection, then the organization and classifi-
cation of these, and finally preceded to statistical analysis and interpretation of results. The
first step was the collection of data published on external sources of government information.
The parameters studied for all beaches in Spain were: faecal bacteria, sediment, urbanization
level and population.

The concentration of faecal bacteria in bathing water (Escherichia coli and Enterococcus)
were obtained by Nayade [15], and sampling data were used since 2012-2015. These data
have been processed in accordance with Directive 2006/7/EC and the related Royal Decree
(RD 1341/2007), to obtain the values of E. coli and Enterococcus in each one of the beaches.

Following the methodology proposed by the directive Directive 2006/7/EC the 90-percentile
and 95-percentile were calculated for the concentration of faecal bacteria in bathing water
(Escherichia coli and Enterococcus).

Values calculated for each of the beaches, several samples of records with very high levels
of concentration of bacteria were observed and were discarded, according to Article 6, para-
graph 3 of the Directive. Finally, the data used for the study were those calculated according
to the 95-percentile and filtered.
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The sedimentological composition of each of the beaches, is obtained according to the
criteria established by MAGRAMA [16] classified according to the proportion in beach sed-
iment type into 14 groups: [0] Sand, [1.1] Sand and Gravel, [1.2] Sand and Bowling, [2.1]
Sand, Gravel, and Bowling, [2.2] Sand, Gravel, Bowling and Rock, [2.3] Sand, Gravel and
Rock, [2.4] Sand, Bowling and Rock, [2.5] Sand and Rock, [3.1] Gravel, [3.2] Gravel and
Bowling, [3.3] Gravel and Rock, [4.1] Bowling, [4.2] Rock and [4.3] Bowling and Rock. For
statistical analysis, these groups were grouped into 3 types: Sandy beaches (group 0), sand
and gravel beaches (groups from 1.1 to 2.5), and gravel beaches (groups of 3.1 to 4.3).

The urbanization level was also obtained as classified by MAGRAMA (2015) which
follows the guidelines established by the study of Ariza et al. [14]. Urban beaches are consid-
ered those located in the core of the town, with at least 60% of the area urbanized influence
(high density), urbanized (semi-urban) are those that are located in residential areas outside
the core the municipality, with a maximum of 50% of the area urbanized influence (low
density) and natural (isolated) are those outside the core of the municipality located closer to
very low density urban areas (up to a maximum of 30% of the catchment area is urbanized),
or uninhabited areas.

The population associated with the bathing season was obtained from the database of the
INE [17]. This was added to the population by municipality passenger demand in bathing
season (May, June, July and August). And the density of population in the municipalities was
achieved with the ratio of the population and surface data in each of them.

First, using SPSS 20.0 statistical package has performed an analysis of the correlation
between each of the factors studied. These correlations were performed for all the data ana-
lysed and grouped according to the data sea, Autonomous Community and Province. Then an
analysis of variance (one-way ANOVA) was performed to study whether there were signifi-
cant differences between the concentration of bacteria (E. coli and Enterococcus) and each of
the factors considered (Urbanization level, sediment, population and density population in
bathing season). When one-way ANOVA is used, the assumptions of normality of the depend-
ent variable and the equal of variances in each group’s assumptions have to be checked, being
the assumption of equal variances between different subgroups the most important. The
assumption of normality was determined using the Kruskal-Wallis and analysis of homoge-
neity of variance Levene’s test was used.

In this study depending on the group used to analyse the data, in some cases, equal vari-
ances are met and not in others so to perform analysis ANOVA, different tests were used.
When equality of variance was verified the Tukey’s test was used, and the otherwise test
Games Howell and nonparametric tests defined by test and Welch Brown-Forsythe.

Finally, an analysis and interpretation of the results were conducted, calculating indicators
and measures that describe the dataset using descriptive as the arithmetic mean, standard
deviation, standard error, confidence intervals for the average 95% and maximums and
minimums.

4 RESULTS
First, the data studied in Spain are exposed, analysing correlations and ANOVA between
faecal bacteria in bathing water and the rest of variables: Sea, Autonomous community, prov-
ince, level of urbanization, sediment, population and density population associated with the
bathing season. It is observed that the highest correlation is between the variables themselves
dependent E. coli and Enterococcus, with an average R? of 0.835, being in the Atlantic area
with the highest correlation R?> = 0.917 (Fig. 3). On the other hand according to Table 1,
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Figure 3: Correlations between E. coli and Enterococcus.

Table 1: Ratio of the average values of E. coli/Enterococcus (EC/E) by groups.

Groups Relation EC/E
Sea North Mediterranean 1.74
South Mediterranean 1.40
Strait area 1.16
Atlantic Ocean 1.97
Cantabrian Sea 2.23
Level of urbanization Urban 1.74
Semi-urban 1.82
Natural 1.88
Type of sediment Sand 1.77
Sand and Gravel 1.83
Gravel 1.90

among the relationship between the dependent and independent variables, population and
population density are those that have lower correlation.

By studying ANOVA, information regarding the difference between the groups is obtained.
For each dependent variable and factor has been found that the homogeneity of variance is
not met, it has been found the homogeneity of variance is not met, so the Games-Howell test
was applied and analysed whether there are significant differences at 5%, for which the
p-value was calculated. Table 2 shows the p-values for each variable and each factor, observ-
ing that when less than 0.05, there are differences between the analysed groups.

The results of the relationship between E. coli/Enterococcus (EC/C) depending beaches
grouped by sea, level of urbanization and type of sediment are shown in Table 1, finding
higher ratios with the Cantabrian (2.23) and Atlantic (1.97), natural beaches (1.88) and gravel
beaches (1.90).



718 Y. Villacampa, et al., Int. J. Sus. Dev. Plann. Vol. 12, No. 4 (2017)

Table 2: Correlations and ANOVAS between parameters.

Correlations ANOVAS

E. coli  Enterococcus E.coli  Enterococcus

Sea 0.266 0.142 0.000 0.000
Autonomous community 0.058 —-0.040 0.007 0.009
Province 0.277 0.151 0.001 0.002
Level of urbanization -0.078 -0.078 0.006 0.015
Type of sediment -0.100 —-0.081 0.001 0.010
Population (hab) -0.027 -0.015 * *
Population density (hab/km?) 0.015 0.033 * *
E. coli 1.000 0.835 - -
Enterococcus 0.835 1.000 - -

* These parameters cannot be analysed by ANOVA, to be specific values for each of
the beaches, and not be separated into groups.
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Figure 4: Ratio E. coli/Enterococcus by provinces.

The EC/C ratio catalogued by provinces is shown in Fig. 4. As shown Guipizcoa, Ceuta
and Vizcaya exceed the limit for the contamination of human origin and Murcia is on the
threshold of contamination of animal origin. When the ratio EC/E is greater than 4, you are
in the presence of faecal contamination from human sources, and when this ratio is less than
0.7, contamination is of animal origin.

Finally in Fig. 5, the average values of concentration of bacteria in bathing waters are
represented. In Fig. 5a, classification is made by sediment type, revealing that composite sand
beaches only reach peak values (93.9 and 47.6 CFU/100 ml for E. coli and Enterococcus
respectively) while gravel have the lowest concentrations (48.0 and 29.3 CFU/100 ml respec-
tively). In addition, the classification by the level of urbanization in the vicinity of the beach
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Figure 6: Mean values of faecal bacteria depending on the sea.

is shown in Fig. 5b, revealing that the urban beaches reach peak values (93.7 and
49.7 CFU/100 ml for E. coli and Enterococcus, respectively) and natural lower (60 and
35.9 CFU/100 ml, respectively).

In Fig. 6, it can be seen that the concentrations of E. coli and Enterococcus vary consider-
ably by zoning. The area with the highest concentrations is the Cantabrian Sea (181.4 and
55.7 CFU/100 ml for E. coli and Enterococcus respectively) and the area with lowest values
is found in the South Mediterranean Sea (25.4 and 21.1 CFU/100 ml, respectively).

5 DISCUSSION

A study of faecal bacteria in 1,392 beaches of the Spanish coast, and its relationship with
those related to the urban environment of the beach has been performed. For which, factors
such as the degree of urbanization, sediment type, population, population density, sea, auton-
omous community and province for each of the beaches of Spain have been studied by
analysing correlations and whether there are significant differences in bacteria among differ-
ent subgroups defined for each of the factors.

The results of mathematical analysis show that the direct linear relationship between the
dependent and independent variables are not very good (Table 2). It can be affirmed that these
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variables do not influence separately linearly in the evolution of bacteria but it is interrelated
and jointly cause an effect differentiating on E. coli or Enterococcus, depending on the area
in which the waters are located and sediment type. However, it is observed that the best rela-
tionships are shown between the dependent variables with an R2 of 0.83 for the set of all the
beaches analysed. By dividing the beaches according to the five seas or areas, the correlation
between the two bacteria is higher on the Atlantic Ocean (0.917) and lowest in the Cantabrian
Sea (0.67) (Fig. 3). This is because in the intestines of humans and warm-blooded animals,
the concentration of E. coli is generally about one order of magnitude greater than that of
Enterococcus, like later in their dregs [18]. Instead, survival rates of both bacteria are differ-
ent, so the ratio is not fixed, and is altered by other variables. The Enterococcus have important
advantages: they tend to survive longer than E. coli in aquatic environments, and are more
resistant to drying and chlorination [18]. Likewise, the E. coli in seawater is a bacterium that
survives less time, although according to the characteristics of the medium can be reproduced
on it, so that the variability of concentration is more marked in this bacterium. Another vari-
able to consider is the sunlight, as this kills the bacteria present in the upper layers of the
water, if transparency requirements are satisfied [19]. Thus, in areas like Southern Mediter-
ranean, E. coli/Enterococcus (EC/E) ratio is 1.2, however, in the Cantabrian Sea is increased
to 2.2 (Table 1). The same happens if this study is carried out by sediment type and level of
urbanization, noting that the natural beaches the ratio EC/E is lower in natural beaches than
in urban beaches (Table 1).

The use of the ratio EC/E can be very useful for the determination of human or animal fae-
cal contamination. It has been suggested that the amounts of thermo tolerant coliforms and
faecal Enterococcus which are discharged by humans are significantly different from those
discharged by animals [20, 21]. When the ratio EC/E is greater than 4 you are in the presence
of faecal contamination from human sources, and when this ratio is less than 0.7 contamina-
tion is of animal origin. However, in the range between 0.7 and 4 the source of contamination
cannot be interpreted the source of contamination, and can even be a mixed faecal contamina-
tion, that is, where there is presence of human and animal dregs [22, 23]. In Fig. 4, it is
observed that Guiptizcoa, Vizcaya and Ceuta have a ratio greater than 4, so might be said that
its origin is human being Murcia the only province where contamination could be of animal
origin.

Furthermore, ANOVA study has shown that there are significant differences between
bacteria and the various groups considered in the factors studied (Table 1). Thus, it can be
observed on beaches depending on the type of sediment found [13], and there is a clear
differentiation (Fig. 5), they are always sand which provide higher values of both bacteria
(E. coli to 93,92 CFU/100 ml and Enterococcus 47.65 CFU/100 ml) and generally gravel
beaches have the least (48.04 and 29.91 CFU/100 ml, respectively). This may be due to
several factors: i) The faecal bacteria, particularly E. coli persists and reproduces in the
sand, allowing to re-enter the water column, in areas with tidal [7, 8], and is seen as the
areas with a large tidal range (Cantabrian, Atlantic and Strait) values of these bacteria are
higher than in other areas (Fig. 6). ii) The sandy beaches due to the type of failure that
occurs in them, giving rise to a haze in waters which prevents ultraviolet radiation and
inactivate the bacteria, i.e., the presence of sand in the water helps survival of the bacteria,
which has been tested previously by other authors [9, 10], to positively correlate the tur-
bidity of the water with the abundance of enteric bacteria. On the beaches with cleaner
waters, the mortality E. coli is faster [24], thus the beaches composed exclusively of gravel
allow for greater transparency of the water, having less sediment suspended in the water
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column and thus enable the UV rays disinfected [25], which is directly related to the type
of failure that occurs in it. As indicated by Longuet-Higgins and Parkin [26], Sherman
et al. [27], this type of beaches that are more reflective of sand, allowing dilution into the
sea (Fig. 5a).

On the other hand, if it is classified to all the beaches depending on the level of urbaniza-
tion [16] both bacteria always remain in the same pattern (Fig. 5b). It is noted that urban areas
are the most affected by pollution of these microorganism (93.76 CFU/100 ml for E. coli and
49.76 CFU/100 ml Enterococcus), while natural, the least (60.01 and 35 91 CFU/100 ml,
respectively). This result could be evident from the beginning, since the most accessible
beaches are hosting as many swimmers, with dirt that entails as so says Ariza et al. [11].
However, the study of population density and population associated with the bathing season,
has not been a direct correlation between the numbers of possible users of the beach with the
concentration of bacteria in the water (Table 2).

6 CONCLUSION
The study of the quality of bathing water in Spanish coast provides a clear idea of how it
affects the type of sediment that forms the beach, its environment and location although the
correlation between bacteria and other variables do not reach too high values.

The correlation between the bacterium Escherichia coli and Enterococcus is reaching the
highest value of all, with an R2 of 0.83, due to its origin, although the study of the variability
of this data by area is a pending task for future studies due to the multitude of factors that
can affect.

In addition, the type of sediment that forms the beach is crucial to assess the quality of
bathing water and the type of failure that causes the coast. The sandy beaches serve as a
natural reservoir for the proliferation of bacteria, including E. coli, which is to be affected by
the tidal contaminate water. The type of break on the sandy beaches, which tend to be dissipa-
tive, produces turbulence suspending the sediment into the water column and causing
turbidity. This leads to a worst inactivation of bacteria by ultraviolet rays.

It is also noted that the beach water located near urban areas is poor quality. Although
wastewaters from human origin are treated by wastewater treatment plants, the activities of
the population generate discharges different focuses that will lead to the sea. Therefore, much
more are exposed to pollution in urban and semi-urban beaches, natural beaches. Between
urban and semi-urban beaches, the variation in concentrations is small and quite different
from the natural. It has been demonstrated how the water of urban beaches and sandy beaches
are those found most polluted faecal bacteria.

No relationship between sediment type and degree of urbanization is observed. Each of
these variables separately determines the concentration of bacteria on the beaches, where the
sediment which reaches higher correlation with both bacteria (0.100 to 0.081 for E. coli and
Enterococcus) against the degree of urbanization (0.078 for both bacteria).

Finally add that there are a lot of factors that affect the dilution and inactivation of faecal
bacteria in the sea, such as hours of sunshine, UV, temperature and salinity, rainfall in the
area, height wave and wind or the presence of Posidonia oceanica. Although these factors
have not been studied, yes they have been taken into account in the understanding of the
results according to the areas, communities or provinces, and it is intended to study in future
research, opening new paths to research on the quality of bathing water on the coast, both in
Spain and extrapolated to any other territory.
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