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Abstract 

 

The purpose of this study was to evaluate the bacteriologic quality of marine urban 

beaches in Riohacha D.T.C, Colombia. Dry and wet tropical beach sand samples 

were collected monthly from November/2011–October/2012 at four different 

monitoring sites: Valle de Los Cangrejos (VC), Hotel Gimaura (HG), Edificio Las 

Delicias (ED) y Edificio La Lotería (EL). Membrane filtration and culture plate 

methods were used to determine the concentration of total coliforms (TC), fecal 

coliforms (FC) and enterococci (ENT). Results showed the presence of all three 

indicators in both types of samples.  TC and FC counts were within the parameter 

proposed by (Mendes, Nascimento, & Oliveira, 1993 [25]); however, at VC site, 

the mean ENT density was 2.6×102 ± 5.5×102 UFC/g a 1.6 fold increase compared  
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to Mendes value. The peak in ENT during May (raining season) may be attributed 

directly to the in influx of organic load from a tributary river located at the VC site. 

TC and FC contamination was the highest during the dry season (January-March 

and June-August) coinciding with festivities that promote greater influx of tourists 

at these times of the year. Presence of TC, FC and ENT in the beaches suggests the 

need to implement sand beach monitoring programs in the District and the 

formulation of a comprehensive management of beaches emphasizing Public 

Health aspects. 
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1 Introduction 
 

   Text of section 1. Sandy beaches are unique ecosystems providing a wide range 

of environmental services. Many of these services are essential to support human 

activities. Their most relevant benefits are sediment storing and transport, 

degradation of beach sand contaminating material, and biodiversity sustenance. 

Users of sandy beaches located in middle and low latitudes usually utilized them as 

part of their recreational activities (Bonilla et al., 2007 [9]; Zielinski & Botero 

Saltarén, 2012 [45]).   

   The Province of La Guajira has 650 Km of coastline along the Caribbean Sea. 

Beaches in this province are characterized by their high Eco touristic potential, 

notably those located in the Touristic District of Riohacha due to their long 

extension of white tropical sand, multi toned water and great popularity amongst 

beachgoers (Corpoguajira & Invemar, 2012 [10]). Nevertheless, their sanitary 

quality is threatened by point source pollution i.e direct domestic residual water 

disposal, operational deficiencies in the storm sewer system and non-point sources, 

namely, presence of wild and domestic animals, inadequate disposal of solid 

residues and contamination from Rancheria River Mouth. The Rancheria River is 

the main watercourse in La Guajira. It transports pollutants from all the urban 

centers it irrigates. The factors mentioned above are universally recognized as 

leading causes of contamination to beach ecosystems (Abdallah, Elmanama, Fahd, 

& Afifi, 2005 [1]; Alm, Burke, & Spain, 2003 [3]; Barrera Escorcia & Namihira 

Santillán, 2004 [5]; Olanczuk-Neyman & Jankowska, 2001 [27]; Pereira et al., 2013 

[28]; A. B. Pinto & Oliveira, 2010 [29]; A. B. Pinto, Pereira, & De Oliveira, 2012 

[30]; Skórczewski, Mudryk, Gackowska, & Perlinski, 2012 [36]).   

   Authors around the world have concluded that concentration of fecal indicator 

bacteria (FIB) is greater in beach sand compared to seawater (Abdallah et al., 2005 

[1]; Bonilla et al., 2007 [9]; Skórczewski et al., 2012 [36]; World Health 

Organization, 2003 [40]) and that beach sand serves as an excellent reservoir for 

the accumulation of pathogenic microorganisms, in particular, E. coli. Beach 

reservoir nature is coupled with the fact that users spend most of their time in 

contact with sand, therefore, increasing their risk to become infected (Alm et al., 

2003 [3]; Beversdorf, Bornstein-Forst, & McLellan, 2007 [6]; Halliday & Gast, 
2011 [13]; Ishii, Hansen, Hicks, & Sadowsky, 2007 [21]; Maris Gonzalez & Emiliani, 
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2005 [22]; A. B. Pinto & Oliveira, 2010 [29]; Skórczewski et al., 2012 [36]; Zehms, 

McDermott, & Kleinheinz, 2008 [44]). Notwithstanding, beach contamination 

levels in the District of Riohacha are usually monitored only in water (Invemar, 

2015 [20]).  In light of all of the above mentioned factors, it is essential to structure 

a comprehensive beach quality evaluation program that includes monitoring of 

beach sand microbiological quality and the risk for beach users to acquire skin and 

gastrointestinal illness (Abdelzaher et al., 2010 [2]; Bonilla et al., 2007 [9]; 

Velonakis, Dimitra, Papadogiannakis, & Vatopoulos, 2014 [37]; Yamahara, 

Layton, Santoro, & Boehm, 2007 [42]). 

   In the present study, bacterial density of total coliforms (TC), fecal coliforms (FC) 

and enterococci (ENT) were measured in wet sand and dry beach sand samples at 

4 different sites located in the Urban Beaches of Riohacha D.T.C. In order to 

generate a baseline information on the contamination level of FIB in this tropical 

beach sand and to assess the potential risk of exposure in beach users. 

 

2 Methods 
 

   2.1. Study area and sampling sites 

 

   Tropical beach sand was collected from four urban beaches along the Caribbean 

coastline of Riohacha D.T.C La Guajira, Colombia.  These sandy beaches are 

located in the north region of Colombia between 11º33'42"N - 72º53'28.9"W and 

11º 33’ 03.2" N - 72º 54’ 51,6" W, They have an extension of 2.52 km and a 97.46 

m average width. These beaches are characterized by semidiurnal-low levels tides 

and average temperatures of 27 °C throughout the year. During the rainy season 

surges of water are observed (Mendoza, 2007 [26]), and a significant increase on 

the influx of water and sediments from Rancheria river which is their major source 

of sediments. Four monitoring sites were selected based on beachgoers visitation 

level. These sites are Valle de los Cangrejos (CV), Hotel Gimaura (HG), Edificio 

las Delicias (ED) and Edificio La Lotería (EL), (Fig. 1a). Within each site, transects 

were traced perpendicular to the coastal line to determine two sampling zones (Fig. 

1b). Wet zone is the beach area strongly influenced by the waves (de Oliveira & 

Watanabe Pinhata, 2008 [11]; Zanoli Sato et al., 2005 [43]) and adjusted to the 

definition of beach active zone established by Colombian regulations NTS-TS 001-

2 (ICONTEC, 2011 [18]); Dry Zone is defined as the beach non-floodable area. 

This zone is not influenced by high tides or waves (de Oliveira & Watanabe Pinhata, 

2008 [11]; A. B. Pinto et al., 2012 [30]; Zanoli Sato et al., 2005 [43]) and it has 

average distances of 30 m (Ishii et al., 2007 [21]; Skórczewski et al., 2012 [36]) to 

60 m (Olanczuk-Neyman & Jankowska, 2001 [27]; Podgórska, Mudryk, & 

Skórczewski, 2008 [32]). Moreover, it can be protected by dunes. Dry zone in 

Riohacha D.T.C beaches is located pass the 60 m width mentioned by different 

authors. Therefore, in this study we equate dry zone to rest zone as it is defined in 

the Colombian regulations NTS-TS 001-2 (ICONTEC, 2011 [18]).  
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Figura 1. Location of Riohacha D.T.C. Beaches: a) Monitoring sites location; b) 

Depiction of sampling zones within transects. 

 

   2.2. Sample collection 

 

   Wet sand (WS) and dry sand (DS) samples were collected to a depth of 0.10 m  

and placed in 4 oz. Whirl pack® bags at 4ºC. Samples were transported to the 

Environmental Quality Lab at the Estudios Ambientales y Aprovechamiento de 

Agua Institute – INESAG on Universidad de La Guajira and process in less than 24 

hours on Sundays, days when higher number of users were observed (K. C. Pinto 

et al., 2012 [31]). Monthly collection was done over a period of 12 months for a 

comprehensive study of both dry and rainy seasons.  

 

   2.3. Fecal indicator bacteria enumeration 

 

   Samples were placed in 9 mL of peptone water and shaken vigorously for 2 min 

using a vortex to encourage bacterial cells transfer from sand particles to eluent, 

followed by 30 s sedimentation time (Boehm et al., 2009 [7]). Obtained supernatant  

a) 

b) 
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from each 1:10 (w/v) diluted samples was placed on a sterile 0.45 µm cellulose 

filter using the membrane filtration method by APHA et al., 2005.  Fecal coliforms 

(FC) and Total coliforms (TC) were cultured on Chromocult® agar and incubated 

at 37 ± 0.5ºC for 24-48 hrs. Enterococci (ENT) were enumerated by filtering the 

homogenized sample as described above and culturing filters on Enterocult®. The 

plates were incubated at 37 ± 0.5ºC for 24-48 hrs.  

 

   2.4. Statistical analyses 

    

   Kruskal-Wallis test was used to evaluate average density variability of FIB (Total 

coliforms, Fecal coliforms and enterococci) by transect and by month. Average 

densities of FIB by type of sample (Wet sand and dry sand) were determined using 

Mann-Whitney Test. All statistical analyses were performed with R v.3.2.4 for 

Windows software and results were considered significant at 0.05 significance level 

(α). 

 

3 Results 
 

   96 samples of wet sand and 96 samples of dry sand were analyzed by membrane 

filtration for total coliform, fecal coliform and enterococci, over a monitoring 

period of 12 months in four sandy beaches in Riohacha (Valle de los cangrejos, 

Hotel Gimaura, las Delicias and Edificio La Lotería. Table 1 shows fecal indicator 

bacteria densities in wet and dry sand samples from each monitoring site expressed 

in x̄ ± s. 

 

Table 1. Fecal indicator bacteria densities in wet and dry beach sand samples 

(CFU/g). 

 

Monitoring 

site 

FIB in wet sand (CFU/gr) FIB in dry sand (CFU/gr) 

TC FC ENT TC FC ENT 

EL 
6.4×102 ± 

7.9×102 

2.3×102 ± 

4.2×102 

2.6×101 ± 

5.6×101 

1.2×103 ± 

8.2×102 

6.2×102 ± 

5.4×102 

2.6×101 ± 

3.6×101 

ED 
3.9×102 ± 

6.6×102 

4.1×101 ± 

3.3×101 

2.2×101 ± 

3.2×101 

1.6×103 ± 

4.9×102 

7.5×102 ± 

5.2×102 

3.0×102 ± 

5.1×102 

HG 
6.4×102 ± 

7.8×102 

1.1×102 ± 

2.2×102 

4.8×101 ± 

1.3×102 

1.4×103 ± 

6.9×102 

5.2×102 ± 

5.4×102 

8.5×101 ± 

3.0×102 

VC 
8.1×102 ± 

8.3×102 

2.1×102 ± 

3.7×102 

1.1×102 ± 

3.3×102 

1.1×103 ± 

8.4×102 

2.4×102 ± 

4.1×102 

2.6×102 ± 

5.5×102 

 

 

   There was no statically difference in FIB mean densities among wet sand samples 

from the four sampling sites (p > 0.05). Nonetheless, VC site had the highest mean 

density for total coliforms and enterococci. Furthermore, EL site had the highest 

mean density for fecal coliform. In contrast, significant statistical difference was 

observed in dry sand samples from all sampling locations (p < 0.05). ED site had 

the highest mean density values compared to other monitoring sites.  
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   In general, bacterial counts were higher in dry sand compared to wet sand at every 

monitoring sites. At ED site counts of total coliforms, fecal coliforms and 

enterococci were at their highest mean density in dry sand samples compared to wet 

sand samples (Fig. 2). 

   Interestingly, total coliforms had the lowest dry to wet sand ratio (4 times higher 

in dry samples) followed by enterococci counts (13 times higher in dry samples). 

Fecal coliforms were the most concentrated bacterial indicator in dry sand, that is 

18 times higher in dry samples compared to wave-influenced wet sand. 

 

 

 
 

Figure 2. Mean bacterial density (CFU/g) of FIB in wet (WS) and dry beach sand 

(DS) samples. 

 

   Figure 3 shows monthly variability of FIB analyzed during the course of this 

study. In wet sand the highest TC densities were observed during the months of 

May and October as opposed to April when the lowest counts were found. In dry 

samples, a pattern of higher counts for longer period was observed. Bacterial 

densities began to increase in May and last until July. A second increase was 

observed from October to January while March registered the lowest TC bacterial 

densities in these samples.  

   Fecal coliforms counts in wet and dry sand exhibited a similar pattern to total 

coliforms with some exceptions. In wet samples, the highest bacterial densities were 

detected in May and September, followed by a declined to their lowest levels from 

July to August. In dry samples, fecal coliforms highest counts were seen only from 

May to July and their lowest levels during October. 
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   Enterococci in wet sand had the highest levels from January–March but were not 

detected in September samples. In dry samples the highest levels were seen in May 

and the lowest in April. 

 

 

 
 

 

Figure 3. FIB mean densities in time. 
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4 Discussion 
 

   This research found that total coliforms and fecal coliforms densities did not 

exceed the beach sand reference values proposed by (Mendes et al., 1993 

[25])(Mendes et al., 1993 [25]). However, surpassing values for enterococci were 

found in wet sand and dry sand at VC site, i.e. 1.1×102 ± 3.3×102  and 2.6×102 ± 

5.5×102 UFC/g respectively. At ED site enterococci densities in dry sand were 

3.0×102 ± 5.1×102 UFC/g, this values is also above the mentioned standard. On VC 

site, ENT values above the standard in wet sand may be explained by loads of 

organic material from Calancala River, a tributary of Rio Rancheria to the 

Caribbean Sea. This river is located in close proximity to VC site. Water and 

sediments from runoff-influenced rivers and creeks flowing to the sea are 

considered contamination sources to beach sand (Abdallah et al., 2005 [1]; 

Olanczuk-Neyman & Jankowska, 2001 [27]). Findings in this study may indicate 

that tides and waves influence the contamination level of adjacent wet sand strips 

as proposed by Heaney et al. (2009) [17]. Conversely, other authors argued that FIB 

concentration in water do not impact sand levels (Alm et al., 2003 [3]; Whitman & 

Nevers, 2003 [39]). In dry sand the high levels of ENT may be resulted from the 

presence of human and animal feces on the beaches due to lack of municipal 

control. This waste  introduces enteric non pathogenic and probably pathogenic 

microorganism that are capable to multiply and survive in beach sand (Abdelzaher 

et al., 2010 [2]; Bonilla et al., 2007 [9]; Elmir et al., 2007 [12]; Wright, Solo-

Gabriele, Elmir, & Fleming, 2009 [41]).  

   It is noteworthy that even though at EL site FC values were below Mendes 

standard  (Mendes, Nascimento, & Oliveira, 1993 [25]), high FC counts may be 

attributed to two sources; firstly, organic residues resulted from artisan and 

rudimentary fishing activities in this site (Márquez Gulloso & Rosado Vega, 2011 

[24]; Márquez & Díaz, 2014 [23]). Secondly, in Riohacha, during the period studied 

there was unrestricted access of dogs to the beaches and absence of municipal law 

enforcement measures for dog owners to remove their pets waste from beach sand. 

Dogs and birds are well-known contributors to fecal contamination to beach sand 

as has been proposed before by different authors (Halliday & Gast, 2011 [13]; 

Heaney et al., 2012 [16], 2014 [15]; Whitman et al., 2014 [38]). Wright, Solo-

Gabriele, Elmir, & Fleming (2009) [41] found dogs were important contributors to 

ENT in beach sand. 

Compared to wet sand samples, dry sand exhibited the highest FIB densities. Out 

of the four sites studied, ED site had the highest FIB values and it is also the site 

with the highest touristic activity of the beach District (Márquez Gulloso & Rosado 

Vega, 2011 [24]; Márquez & Díaz, 2014 [23]). Márquez & Díaz, 2014 [23] found 

that recreative activities are sources of solids residues mainly of organic nature. 

Different authors have found beachgoers as an important non-point source of fecal 

contamination to dry beach sand (Elmir et al., 2007 [12]; Skórczewski et al., 2012 

[36]). Directly via skin shedding or indirectly via translocating contaminated sand 

or contributing with solid and organic residue load (Bonilla et al., 2007 [9]; Elmir 

et al., 2007 [12]; Márquez & Díaz, 2014 [23]). 
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   As observed in multiple studies of marine beaches bacteriologic quality, the 

present study also found higher FIB densities in dry sand compared to wet sand, 

particularly at ED site. This data indicates that dry sand is a more efficient reservoir 

for the survival of fecal bacteria, these results are consistent with previous studies 

in marine beaches  (Abdallah et al., 2005 [1]; Bonilla et al. [9], 2007; de Oliveira 

& Watanabe Pinhata, 2008 [11]; A. B. Pinto et al., 2012 [30]; K. C. Pinto et al., 

2012 [31]; Skórczewski et al., 2012 [36]; Zanoli Sato et al., 2005 [43]). Dry sand 

contains approximately half the amount of water than wet sand limiting the water 

film over the sand grains. A reduced amount of water equates to lower salinity and 

predator activity of macroinvertebrates and protozoa (Bomo, Stevik, Hovi, & 

Hanssen, 2004 [8]). A study in another Caribbean beach found salinity to inversely 

correlate to bacterial load.  It has been suggested that a decreased water film protects 

bacterial cells from salinity and osmotic pressure, both variables are known to 

increase bacteria mortality rate (Bonilla et al., 2007 [9]). Furthermore, tidal 

washings have a two-fold effect to reduce microbial population in the wash zone. 

Firstly, by mechanically dislodging microbes from sand grains and secondly, by 

increasing the amount of bacterial cells predators which are transported by marine 

water (Bomo et al., 2004 [8]; K. C. Pinto et al., 2012 [31]; Shibata, Solo-Gabriele, 

Fleming, & Elmir, 2004 [35]).  

   During the twelve months studied period, increased FIB densities coincided with 

drought months i.e months with fewer raining episods (IDEAM, 2012 [19]). These 

months are vacation and turisms-promotion period, meaning that different marine 

recreational activities and festivals are organized by the municipality to encourage 

a greater influx of beach users. Our results are in agreement with similar studies on 

different beaches around the world, i.e:  Sopot and Utska Beach (Baltic sea) 

(Olanczuk-Neyman & Jankowska, 2001 [27]; Skórczewski et al., 2012 [36]), South 

Sao Paulo State beaches (Brazil) (Zanoli Sato et al., 2005 [43]), Duluth Boat Club 

beaches in Minnesota (USA) (Ishii et al., 2007 [21]), Wisconsin Beaches (USA) 

(Zehms et al., 2008 [44]). CT peak values were observed in Octubre/2012 in both 

dry and wet sand. Strong raining events occur throughout this month (IDEAM, 

2012 [19]) increasing the likelihood that superficial water currents transport 

bacteria from dry to wet sand. 

 

5 Conclusions 
 

This study shows the presence of FIB in Riohacha D.T.C beach sand. Excluding 

enterococci at VC and ED sites, the other bacterial groups values were below 

Mendes, Nascimento, & Oliveira (1993) [25] levels. This factor may possibly 

indicate the presence of other pathogens such as molds, bacteria, yeast and viruses 

(Halliday & Gast, 2011 [13]; Heaney et al., 2012 [16]; Sabino et al., 2011 [34]; 

World Health Organization, 2003 [40]) this represents a high risk for the health of 

beach users particularly those that spend most of their time on the sand compared 

to bathers. These results suggest the need to implement beach sand monitoring 

programs to identify the behavior of FIB in beach sand. This is a critical aspect of 

coastal areas from the public health point of view (Halliday, McLellan, Amaral- 
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Zettler, Sogin, & Gast, 2014 [14]; Heaney et al., 2014 [15]; Praveena, Shamira, 

Ismail, & Aris, 2016; Whitman et al., 2014 [38]). 

 

Acknowledgements. The authors thanks the research group Pichihuel for their 

support in the field works. We acknowledge the financial and consulting support to 

this project given by this project was fully funded by the Universidad de La Guajira, 

through the Research Directorate. 

 

 

References 
 

[1] Abdelraouf A. Elmanama, Mona Ishaq Fahd, Samir Afifi, Soad Abdallah, 

Salah Bahr, Microbiological beach sand quality in the Gaza strip in 

comparison to seawater quality, Environmental Research, 99 (2005), 1–10.  

https://doi.org/10.1016/j.envres.2004.12.014 

 

[2] A. M. Abdelzaher, M. E. Wright, C. Ortega, H. M. Solo-Gabriele, G. Miller, 

S. Elmir, L. E. Fleming et al., Presence of pathogens and indicator microbes 

at a non-point source subtropical recreational marine beach, Applied and 

Environmental Microbiology, 76 (2010), 724–732.  

https://doi.org/10.1128/AEM.02127-09 

 

[3] E. W. Alm, J. Burke, A. Spain, Fecal indicator bacteria are abundant in wet 

sand at freshwater beaches, Water Research, 37 (2003), 3978–3982.  

https://doi.org/10.1016/S0043-1354(03)00301-4 

 

[4] American Public health Association (APHA), American Water Works 

Association (AWWA). Water Environment Federation (WEF). Standard 

methods for the examination of water and wastewater, 21th Edition (2005). 

Editorial Díaz de Santos. 

 

[5] G. Barrera Escorcia, P. E. Namihira Santillán, Contaminación microbiológica 

en la zona costera de Akumal, Quintana Roo, México, Hidrobiológica, 14 

(2004). 27–35. 

 

[6] L. J. Beversdorf, S. M. Bornstein-Forst, S. L. McLellan, The potential for 

beach sand to serve as a reservoir for Escherichia coli and the physical 

influences on cell die-off, Journal of Applied Microbiology, 102 (2007), 

1372–1381. https://doi.org/10.1111/j.1365-2672.2006.03177.x 

 

[7] A. B. Boehm, J. Griffith, C. McGee, T. A. Edge, H. M. Solo-Gabriele, R. 

Whitman, Y. Cao, M. Getrich, J.A. Jay, D. Ferguson, K.D. Goodwin, C.M. 

Lee, M. Madison, S. B. Weisberg, Faecal indicator bacteria enumeration in 

beach sand: A comparison study of extraction methods in medium to coarse 

sands, Journal of Applied Microbiology, 107 (2009), 1740–1750.  

https://doi.org/10.1016/j.envres.2004.12.014
https://doi.org/10.1128/AEM.02127-09
https://doi.org/10.1016/S0043-1354(03)00301-4
https://doi.org/10.1111/j.1365-2672.2006.03177.x


A baseline study of fecal indicator bacteria                                                                           5103                                        

 

 

https://doi.org/10.1111/j.1365-2672.2009.04440.x 

 

[8] A.-M. Bomo, T. K. Stevik, I. Hovi, J. F. Hanssen, Bacterial Removal and 

Protozoan Grazing in Biological Sand Filters, Journal of Environment 

Quality, 33 (2004), 1041. https://doi.org/10.2134/jeq2004.1041 

 

[9] T. D. Bonilla, K. Nowosielski, M. Cuvelier, A.  Hartz, M. Green, N. Esiobu, 

D. McCorquodale, J. Fleisher, A. Rogerson, Prevalence and distribution of 

fecal indicator organisms in South Florida beach sand and preliminary 

assessment of health effects associated with beach sand exposure, Marine 

Pollution Bulletin, 54 (2007), 1472–1482.  

https://doi.org/10.1016/j.marpolbul.2007.04.016 

 

[10] Corpoguajira, & Invemar. Atlas Marino Costero de la Guajira. Santa Marta, 

Colombia.: Serie de Publicaciones Especiales de Invemar No. 27. (2012). 

Retrieved from https://colaboracion.dnp.gov.co/CDT/Inversiones y finanzas 

pblicas/La Guajira 15-Ajustada.pdf 

 

[11] A. J. F. C. de Oliveira, J. M. Watanabe Pinhata, Antimicrobial resistance and 

species composition of Enterococcus spp. isolated from waters and sands of 

marine recreational beaches in Southeastern Brazil, Water Research, 42 

(2008), 2242–2250. https://doi.org/10.1016/j.watres.2007.12.002 

 

[12] S. M. Elmir, M. E. Wright, A. Abdelzaher, H. M. Solo-Gabriele, L. Fleming, 

G. Miller et al., Quantitative evaluation of bacteria released by bathers in a 

marine water, Water Research, 41 (2007), 3–10.  

https://doi.org/10.1016/j.watres.2006.10.005 

 

[13] E. Halliday, R. J. Gast, Bacteria in beach sands: An emerging challenge in 

protecting coastal water quality and bather health, Environmental Science and 

Technology, 45 (2011), 370–379. https://doi.org/10.1021/es102747s 

 

[14] E. Halliday, S. L. McLellan, L. A. Amaral-Zettler, M. L. Sogin, R. J. Gast, 

Comparison of bacterial communities in sands and water at beaches with 

bacterial water quality violations, PLoS ONE, 9 (2014), 1-9.  

https://doi.org/10.1371/journal.pone.0090815  

 

[15] C. D. Heaney, N. G. Exum, A. P. Dufour, K. P. Brenner, R. A. Haugland, E. 

Chern et al., Water quality, weather and environmental factors associated 

with fecal indicator organism density in beach sand at two recreational marine 

beaches, Science of the Total Environment, 497-498 (2014), 440–447.  

https://doi.org/10.1016/j.scitotenv.2014.07.113 

 

[16] C. D. Heaney, E. Sams, A. P. Dufour, K. P. Brenner, R. A. Haugland, E. 

Chern et al., Fecal Indicators in Sand, Sand Contact, and Risk of Enteric  

https://doi.org/10.1111/j.1365-2672.2009.04440.x
https://doi.org/10.2134/jeq2004.1041
https://doi.org/10.1016/j.marpolbul.2007.04.016
https://doi.org/10.1016/j.watres.2007.12.002
https://doi.org/10.1016/j.watres.2006.10.005
https://doi.org/10.1021/es102747s
https://doi.org/10.1371/journal.pone.0090815
https://doi.org/10.1016/j.scitotenv.2014.07.113


5104                                                                                        Luis Díaz Chávez et al. 

 

 

Illness Among Beachgoers, Epidemiology, 23 (2012), 95–106.  

https://doi.org/10.1097/EDE.0b013e31823b504c 

 

[17] C. D. Heaney, E. Sams, S. Wing, S. Marshall, K. Brenner, A. P. Dufour, T. J. 

Wade, Contact with beach sand among beachgoers and risk of illness, 

American Journal of Epidemiology, 170 (2009), 164–172.  

https://doi.org/10.1093/aje/kwp152 

 

[18] Instituto Colombiano de Normas Técnicas y Certificación (ICONTEC). 

Norma técnica sectorial colombiana NTS-TS 001-2 (Primera actualización). 

Destinos turísticos de playa. Requisitos de sostenibilidad. (2011). 

 

[19] Instituto de Hidrología, Meteorología y Estudios Ambientales (IDEAM). 

Boletín climatológico mensual enero-diciembre de 2012.  

 

[20] Instituto de Investigaciones Marinas y Costeras José Benito Vives De 

Andréis, Diagnóstico y Evaluación de la Calidad de Aguas Marinas y 

Costeras en el Caribe y Pacífico Colombianos, Informe Técnico 2014, Serie 

de Publicaciones Periódicas Del INVEMAR, Vol. 320, 2015.  

 

[21] S. Ishii, D. L. Hansen, R. E. Hicks, M. J. Sadowsky, Beach sand and 

sediments are temporal sinks and sources of Escherichia coli in lake superior, 

Environmental Science and Technology, 41 (2007), 2203–2209.  

https://doi.org/10.1021/es0623156 

 

[22] S. Maris Gonzalez, F. Emiliani, Caracterización preliminar de la calidad 

microbiológica de la arena en las playas, Natura Neotropicalis, 36 (2005), 

85–88. https://doi.org/10.14409/natura.v1i36.3827  

 

[23] E. Márquez, L. Díaz, Carga Turística Y Residuos Sólidos Como Parámetros 

De Gestión En Las Playas Turísticas De La Zona Urbana De Riohacha, La 

Guajira-Colombia. Memoria IV Congreso de Ciencias del Mar del Perú. 

Lima, Perú. 2014. 

 

[24] E. Márquez Gulloso, J. R. Rosado Vega, Clasificación e impacto ambiental 

de los residuos sólidos generados en las playas de Riohacha, La Guajira, 

Colombia, Revista Facultad de Ingenieria, 60 (2011), 118–128. 

 

[25] B. Mendes, M. J. Nascimento, J. S. Oliveira, Preliminary characterisation and 

proposal of microbiological quality standard of sand beaches, Water Science 

and Technology, 27 (1993), 453–456. https://doi.org/10.2166/wst.1993.0391  

 

[26] A. Mendoza, Estudio Técnico Oceanográfico Meteorológico Y Náutico Del 

Caribe Con Énfasis En Proximidades De Riohacha Y Chuchupa, La Guajira, 

Informe Técnico. Riohacha: Hyser S.A., 2007. 

https://doi.org/10.1097/EDE.0b013e31823b504c
https://doi.org/10.1093/aje/kwp152
https://doi.org/10.1021/es0623156
https://doi.org/10.14409/natura.v1i36.3827 
https://doi.org/10.2166/wst.1993.0391


A baseline study of fecal indicator bacteria                                                                           5105                                        

 

 

[27] K. Olanczuk-Neyman, K. Jankowska, Bacteriological quality of the sand 

beach in Sopot (Gdansk Bay, southern Baltic), Polish Journal of 

Environmental Studies, 10 (2001), 451–455. 

 

[28] E. Pereira, C. Figueira, N. Aguiar, R. Vasconcelos, S. Vasconcelos, G. 

Calado, J. Brandão, S. Prada, Microbiological and mycological beach sand 

quality in a volcanic environment: Madeira archipelago, Portugal, Science of 

the Total Environment, 461-462 (2013), 469–479.  

https://doi.org/10.1016/j.scitotenv.2013.05.025 

 

[29] A. B. Pinto, A. J. F. C. de Oliveira, Diversidade de microrganismos 

indicadores utilizados na avaliaçãoda contaminação fecal de areias de praias 

recreacionais marinhas:estado atual do conhecimento e perspectivas TT  - 

Diversity of indicator microorganisms in the evaluation of sea recreational, 

Mundo Saúde (Impr.), 35 (2010), 105-114. Retrieved from  

http://bvsms.saude.gov.br/bvs/artigos/diversidade_microrganismos_indicad

ores_contaminacao_fecal_areia_praias.pdf 

 

[30] A. B. Pinto, C. R. Pereira, A. J. F. C. De Oliveira, Densidade de Enterococcus 

sp em águas recreacionais e areias de praias do município de São Vicente-SP, 

Brasil e sua relação com parâmetros abióticos, O Mundo Da Saude, 36 

(2012), 587–593. https://doi.org/10.15343/0104-7809.2012364587593  

 

[31] K. C. Pinto, E. M. Hachich, M. I. Z. Sato, M. Di Bari, M. C. L. S. Coelho, M. 

H. Matté, C. C. Lamparelli, M. T. P. Razzolini, Microbiological quality 

assessment of sand and water from three selected beaches of South Coast, São 

Paulo State, Brazil, Water Science and Technology, 66 (2012), 2475–2482.  

https://doi.org/10.2166/wst.2012.494 

 

[32] B. Podgórska, Z. J. Mudryk, P. Skórczewski, Abundance and production of 

bacteria in a marine beach (southern Baltic Sea), Polish Journal of Ecology, 

56 (2008), 405–414. 

 

[33] S. M. Praveena, S. S. Shamira, S. N. S. Ismail, A. Z. Aris, Fecal indicator 

bacteria in tropical beach sand: Baseline findings from Port Dickson 

coastline, Strait of Malacca (Malaysia), Marine Pollution Bulletin, 110 

(2016), 609–612. https://doi.org/10.1016/j.marpolbul.2016.06.024 

 

[34] R. Sabino, C. Veríssimo, M. A. Cunha, B. Wergikoski, F. C. Ferreira, R. 

Rodrigues et al., Pathogenic fungi: An unacknowledged risk at coastal 

resorts? New insights on microbiological sand quality in Portugal, Marine 

Pollution Bulletin, 62 (2011), 1506–1511.  

https://doi.org/10.1016/j.marpolbul.2011.04.008 

 

 

https://doi.org/10.1016/j.scitotenv.2013.05.025
http://bvsms.saude.gov.br/bvs/artigos/diversidade_microrganismos_indicadores_contaminacao_fecal_areia_praias.pdf
http://bvsms.saude.gov.br/bvs/artigos/diversidade_microrganismos_indicadores_contaminacao_fecal_areia_praias.pdf
https://doi.org/10.15343/0104-7809.2012364587593
https://doi.org/10.2166/wst.2012.494
https://doi.org/10.1016/j.marpolbul.2016.06.024
https://doi.org/10.1016/j.marpolbul.2011.04.008


5106                                                                                        Luis Díaz Chávez et al. 

 

 

[35] T. Shibata, H. M. Solo-Gabriele, L. E. Fleming, S. Elmir, Monitoring marine 

recreational water quality using multiple microbial indicators in an urban 

tropical environment, Water Research, 38 (2004), 3119–3131.  

https://doi.org/10.1016/j.watres.2004.04.044 

 

[36] P. Skórczewski, Z. Mudryk, J. Gackowska, P. Perlinski, Abundance and 

distribution of fecal indicator bacteria in recreational beach sand in the 

southern Baltic Sea, Revista de Biología Marina y Oceanografía, 47 (2012), 

503–512. https://doi.org/10.4067/S0718-19572012000300012 

 

[37] E. Velonakis, D. Dimitra, E. Papadogiannakis, A. Vatopoulos, Present status 

of effect of microorganisms from sand beach on public health, Journal of 

Coastal Life Medicine, 2 (2014), 746–756.  

https://doi.org/10.12980/JCLM.2.2014JCLM-2014-0067 

 

[38] R. L. Whitman, V. J. Harwood, T. A. Edge, M. B. Nevers, M. Byappanahalli, 

K. Vijayavel et al., Microbes in beach sands: Integrating environment, 

ecology and public health, Reviews in Environmental Science and 

Biotechnology, 13 (2014), 329-368.  

https://doi.org/10.1007/s11157-014-9340-8 

 

[39] R. L. Whitman, M. B. Nevers, Foreshore Sand as a Source of Escherichia coli 

in Nearshore Water of a Lake Michigan Beach, Applied and Environmental 

Microbiology, 69 (2003), 5555–5562.  

https://doi.org/10.1128/aem.69.9.5555-5562.2003  

 

[40] World Health Organization. Guidelines for Safe Recreational Water. Volume 

1. Coastal and Fresh Waters. Geneva, 1, 219, (2003). Retrieved from 

http://www.who.int/water_sanitation_health/bathing/srwe2full.pdf 

 

[41] M. E. Wright, H. M. Solo-Gabriele, S. Elmir, L. E. Fleming, Microbial load 

from animal feces at a recreational beach, Marine Pollution Bulletin, 58 

(2009), 1649–1656. https://doi.org/10.1016/j.marpolbul.2009.07.003 

 

[42] K. M. Yamahara, B. A. Layton, A. E. Santoro, A. B. Boehm, Beach sands 

along the California coast are diffuse sources of fecal bacteria to coastal 

waters, Environmental Science and Technology, 41 (2007), 4515–4521.  

https://doi.org/10.1021/es062822n 

 

[43] M. I. Zanoli Sato, M. Di Bari, C. C. Lamparelli, A. C. Truzzi, M. Coelho, E. 

M. Hachich, Sanitary quality of sands from marine recreational beaches of 

São Paulo, Brazil, Brazilian Journal of Microbiology, 36 (2005), 321–326. 

https://doi.org/10.1590/S1517-83822005000400003 

 

 

https://doi.org/10.1016/j.watres.2004.04.044
https://doi.org/10.12980/JCLM.2.2014JCLM-2014-0067
https://doi.org/10.1007/s11157-014-9340-8
https://doi.org/10.1128/aem.69.9.5555-5562.2003
http://www.who.int/water_sanitation_health/bathing/srwe2full.pdf
https://doi.org/10.1016/j.marpolbul.2009.07.003
https://doi.org/10.1021/es062822n
https://doi.org/10.1590/S1517-83822005000400003


A baseline study of fecal indicator bacteria                                                                           5107                                       

 

 

[44] T. T. Zehms, C. M. McDermott, G. T. Kleinheinz, Microbial Concentrations 

in Sand and their Effect on Beach Water in Door County, Wisconsin, Journal 

of Great Lakes Research, 34 (2008), 524-534.  

https://doi.org/10.3394/0380-1330(2008)34[524:MCISAT]2.0.CO;2 

 

[45] S. Zielinski, C. M. Botero Saltarén, Guía Básica Para Certificación De 

Playas Turísticas, Santa Marta, Colombia.: Editorial Nueva Gente, 2012.  

 

 

Received: September 28, 2018; Published: December 13, 2018 

 

https://doi.org/10.3394/0380-1330(2008)34%5b524:MCISAT%5d2.0.CO;2

