
 

 
Microbiology                                             ISSN(Online): 2518-3834   

 

1 
                                                             PSM Microbiology | https://journals.psmpublishers.org/index.php/microbiol 

Research Article                                          2019 │Volume 4│Issue 1│1-6 

Article Info 
 

 

 Open Access 

 

Citation: Echevarría, L., 2019. 

Preliminary Study to identify 
Filamentous Fungi in Sands of 
Three Beaches of the Caribbean. 

PSM Microbiol., 4(1): 1-6. 
 

 

 

Received: November 9, 2018 

 
Accepted: February 27, 2019 
 
Online first: March 20, 2019 

 
Published: March 22, 2019 

 

 

Corresponding Author:  

Lourdes Echevarría 
 
Email: 

lourdes_echevarría@pucpr.edu 

 

 

Copyright: ©2019 PSM. This 
work is an open access article 

distributed under the terms of the 
Creative Commons Attribution-
Non Commercial 4.0 International 

License. 

 

 

 

 
Scan QR code to see this 

publication on your mobile device. 

 Preliminary Study to identify Filamentous Fungi 
in Sands of Three Beaches of the Caribbean 
 
Lourdes Echevarría 
 
Biology and Environmental Science Department, Pontifical Catholic University of 
Puerto Rico 2250 Boulevard Luis A. Ferré Aguayo, Suite 560 Ponce, Puerto 
Rico 00717 – 9997. 
 

Abstract: 

The Caribbean has several white sand beaches visited by many tourists, 

especially during the summer. The beaches of Copacabana in Barbados 

Bridgetown, Flamenco Beach in Culebra Puerto Rico, and Maho Beach in St. 

Maarten were studied. The sand samples were taken in June 2016. The 

objective of the study was to know the diversity and quantity of filamentous fungi 

in the dry sand of the beaches and to determine if the fungi found are 

pathogenic to animals and humans. One gram of each beach sample was taken 

in triplicate and spread on a plate with rose bengal agar. The samples were 

incubated for 7 to 14 days at 25°C. The colonies were counted, then isolated in 

tubes with potato dextrose agar. Three genus of fungi were found; Aspergillus, 

Penicillium, and Rhizopus. The Aspergillus species resulted in higher 

identifications in the three beaches included in this preliminary study. The 

growth of filamentous fungi in the samples ranged from 6 CFU / g to 17 CFU / g. 

The species were: A. niger, A. versicolor, A. flavus, A. oryzae, A. fumigatus, R. 

oligosporus, R. stolonifer, A. tamarii and P. wasksmanii. Most of the identified 

filamentous fungi are pathogenic to humans and animals. Some of the species 

can cause diseases such as asthma, infections in the eyes, skin, and nails. 
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INTRODUCTION 

The sands of the beaches are exposed to 

diverse climatic changes, reason why it is a 

promising place for the development of the fungi 

that have particular characteristics and make 

them adaptable to the sandy ground. 

Microbiological contamination is more significant 

in the sand than in adjacent waters since sand 

acts as a passive port for cumulative 

contamination (Llewellyn et al., 1996). The 

movement of water causes erosion, transport, 

and deposition of all the sediments of the beach, 

as well as the subsequent redistribution of 

microorganisms (Oliveira, 1992; Mendez, 1997). 

In the summer season the number of 

consultations related to skin infections caused 

by fungi increases from 20% to 25%. This 

occurs because in the summer the sufficient 

conditions are met such as the increase of 

temperature and humidity that facilitate the 

proliferation of these microorganisms (Pauw, 

2011). Concern has been shown about actual 

and potential health risks due to exposure to 

beach sands (Nestor et al., 1984; Mendes, 

1997). Diseases caused by fungi of the skin, 

hair, and nails are common throughout the 

world, and their incidence continues to increase 

(Ameen, 1986). The investigations show the 

presence of fungi in the sands of the beaches. In 

Portugal, dermatophytes were found in 42% of 

the beaches analyzed. They were isolated from 

dry sandy areas with the presence of organic 

waste (Izquierdo et al., 1986). On sands of 

Spanish Mediterranean beaches, the fungal 

density of 42 beaches reached several hundred 

thousand CFU/g samples (Llewellyn et al., 

1996). In the northern area of Puerto Rico, 

filamentous fungi were identified in the dry sand 

zone of the beaches of Vega Baja, Manatí, 

Barceloneta, and Arecibo. Recently, our group 

identified 129 fungal species, most of them were 

pathogenic (Echevarría, 2017). 

Given the unknowns and previous studies, 

and considering that the microorganisms can 

proliferate in the environments, it was decided to 

study the white sands of tourist beaches in the 

Caribbean. The sands of the beaches studied 

were the Copacabana Beach in Barbados 

Bridgetown, Maho Beach in St. Maarten and 

Flamenco Beach in Culebra. The investigation 

sought to determine if there is a diversity of 

filamentous fungi in the sand of the three 

beaches, and if the fungi found are pathogenic 

to humans and animals. 

The objectives of the study were to isolate 

filamentous fungi from the dry zone of the 

beaches, and to identify the genus and possible 

species of the filamentous fungi, using 

taxonomic keys. Furthermore, we estimated the 

number of filamentous fungi through the count of 

colony forming units (CFU). 

 

MATERIALS AND METHODS 

Sampling and culture media  

The sands were obtained from the dry 

zone of the beaches, collected in three 

equidistant points and stored in sterile plastic 

bags. The agar used to culture the sand was 

Rose Bengal Agar (RBA). Potato Dextrose Agar 

(PDA) was used for further isolation of the 

colonies in tubes. To demonstrate that the 

medium can grow, the agar was inoculated on a 

plate with Aspergillus niger (positive control) and 

another plate without organism to guarantee the 

sterility of the medium (negative control), 

inoculated in both media (RBA and PDA). The 

growth of the pure culture was performed at 25       

°C for 7 to 14 days in the incubator.  Pure culture 

and isolation of colonies: 1 gram of the sand of 

each beach was weighed in triplicate, spread on 

a Petri dish with half RBA (Echevarría, 2017). 

Incubation was then performed at 25 °C for 7 to 

14 days. After this period isolation of colonies of 

fungal filaments was made using PDA tubes 

(Fontalvo, 2012). 
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Counting and average of colony forming 

units (CFU)  

The quality of the sands of Caribbean 

beaches was estimated through (CFU) colony 

forming units (Forbes, 2009). According to the 

total number of colonies, the quality of the sands 

was determined using the maximum values 

recommended by the National Institute of Saúde 

Ricardo Jorge (INSA) (Brandao et al., 2007) and 

the National Health Institute on Portugal (Pereira 

et al., 2013). The values recommended by the 

institute (Table 1) were used to determine the 

quality of Caribbean beaches. Since beaches 

studied in Portugal have characteristics and an 

environment like the beaches in the Caribbean 

(Pereira et al., 2013). 

Macroscopic and microscopic identification 

The identification of genus and species 

was achieved after a morphological study, both 

macroscopic and microscopic. For the 

macroscopic morphology, the color and 

appearance of the surface and the back of each 

sample were observed. To study the 

microscopic morphology, samples from the 

isolated colonies were transferred to a slide with 

lactophenol and observed in a Nikon Eclipse Ci 

microscope. The data obtained were compared 

using taxonomic keys. 

 

RESULTS AND DISCUSSION 

Species of filamentous fungi 

At Maho Beach, in St. Maarten, fungi of 

the genus Aspergillus of five different species 

were identified. The species of filamentous fungi 

found in the white sands of Maho Beach were A. 

oryzae, A. fumigatus, A. flavus, A. fumigatus, 

and A. versicolor. The species of Copacabana 

Beach in Barbados Bridgetown were A. niger, A. 

tamarii and Penicillum wasksmanii. The species 

identified in the sand of Flamenco Beach, 

Culebra were Rhizopus stolonifer and R. 

oligosporus. The different species of filamentous 

fungi were identified using taxonomic keys. The 

number of species of filamentous fungi identified 

in the white sands of the beaches is diverse. 

Counting colony forming units and sands 

quality 

The count of colony forming units allowed 

us to estimate the number of total colonies to 

determine the quality of the sands of the 

beaches of the Caribbean. The average of the 

three courses was obtained, for each beach. 

According to the results, Maho beach in St. 

Maarten had 15CFU/g, Copacabana Beach in 

Barbados got 6 CFU/ g, and Flamenco Beach in 

Puerto Rico got 17 CFU/g. It can be determined 

that the Beach with the least number of colonies 

was Copacabana Beach in Barbados 

Bridgetown, followed by Maho Beach in St. 

Maarten and Flamenco Beach in Culebra. All 

three beaches demonstrated average quality 

sand following the INSA criteria (Table 1). 

We identified fungi that are pathogenic to 

humans such as Aspergillus and Penicillium 

species that are a possible risk to public health. 

In previous research, an analysis of water and 

sand on Brazilian beaches found that the most 

common genus found was Penicillium and 

Aspergillus (Gomes et al., 2008). In Puerto Rico 

an investigation in the sands of the beaches of 

the Northern area of Puerto Rico, six genus of 

filamentous fungi were identified: Aspergillus, 

Penicillium, Rhizopus, Trichoderma, Hortaea 

and Fusarium (Echevarría, 2017). 

The colony count forming units was 15 

CFU/g for Maho Beach in St. Maarten and 

Flamenco Beach in Culebra, P.R. 17 CFU/g, 

while Copacabana Beach in Barbados 

Bridgetown had a lower count of 6 CFU/ g. The 

count allows the determination of the quality of 

the sand, using as a preliminary study 

specification and from the result to know if the 

sands of the tourist beaches in June a warning 

for public health could be. In this case, the 

studied white sands of the three beaches are of 

average quality. According to other 

investigations, this preliminary study provides 
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vital information to carry out a broader study of 

the sands in a whole year. This is to determine 

effective cleaning techniques to minimize the 

growth of fungi in the sands, as well as the need 

to implement new measures to avoid the 

contamination of the sands due to the 

accumulation of solid waste or throwing garbage 

on the beaches. The measures are necessary 

since some of the fungi found in the sands are 

from the food that is thrown into the sands, and 

they manage to adapt to the sand. Table 2 

shows the diseases that are caused by some of 

the fungi found in the study. 

 

 

Table 1. Values recommended by the National Institute of Saúde Ricardo Jorge and the National Health 

Institute on Portugal (Pereira et al., 2013). 

Values to Determine the Quality of Sands 

> MVA poor quality 

cfu / g = 85 

> MRV average quality 

cfu / g = 5 

≤ MAV good quality 

cfu / g = 5 

 

Table 2. Isolated fungi and diseases they cause 

Fungal species Disease Reference 

Aspergillus versicolor, Rhizopus 

oligosporus 

Onychomycosis (Baran, 2006) 

Rhizopus stolonifer Allergic alveolitis (Pontón, 2002) 

Aspergillus flavus Pulmonary infections (Samson, 2014) 

Penicillum waskmanii Pulmonary, nasal and eye infections (St- German, 2011) 

Aspergillus fumigatus, Aspergillus niger Aspergiloma (St- German, 2011) 

Aspergillus oryzae Fermentation of food (Samson, 2014) 

 

 

CONCLUSION 

Given to the results, it can be determined 

that the sands of the beaches would be 

classified as average quality. The growth of 

filamentous fungal colonies in the samples 

ranged from 6 CFU/g to 17 CFU/g. In the 

taxonomy analysis, three genus were found; 

Aspergillus, Penicillium, Rhizopus. The genus of 

fungus with more species identified in the three 

beaches in the analysis was Aspergillus. Most of 

the species in the study have been isolated from 

patients in nasal cultures and produce asthma. 

They also cause keratitis (inflammation of the 

cornea of the eye). Most use direct contact as a 

vehicle of transmission, and cause lung 

infections and sinusitis (Berger, 2015). 

Concerning the preliminary study in the future, a 

molecular analysis must be carried out to the 

sands of the three beaches of the Caribbean. 

When visiting the beaches, a towel should 

be used to sit on the sand, as well as glasses to 

protect the eyes from contact with the spores. 

This works as a shield of protection for the 

spores that transports through the air and 

present in the sand. They are also acquired by 

direct contact (Gugnani, 2000), entering through 

skin and eye injuries. It is also recommended to 

start campaigns for cleaning and maintaining the 

sands of beaches. 

 



 

 
Microbiology                                                         2019;  4(1): 1-6   

 

5 
                                                             PSM Microbiology | https://journals.psmpublishers.org/index.php/microbiol 

ACKNOWLEDGEMENT 

The author thanks the Science 

Department in PUCPR-Arecibo for access to 

equipment and materials, and the undergraduate 

student Catherine E. Torres Montes for her 

assistance in this investigation. 

 

CONFLICT OF INTEREST 

The author declares no conflict of interest. 

 

REFERENCES 

Ameen, M., 2010. Epidemiology of Superficial 

Infections. Clin. Dermatol.,28(2): 197-201. 

Baran, R., Pierard, G.E., 2006. Onicomicosis 

Manual. Masson Barcelona, España. 178. 

ISBN: 9788445816134. 

Berger, S., 2015. Infectious diseases of Puerto 

Rico. Gideon E- book series. ISBN: 978-1-

4988-0599-5.  

Brandão, J., Silva, C., Alves, C., Cunha, M.A., 

Moura, I., Veríssimo, C., Wergikoski, B., 

Parada, H., Falcão, L., Barroso, M., 

Rodrigues, R., Sabino, R., Rosado, L., 

2008. Monitorizacao da qualidade das 

Areias em Zonas Balneares. Lisbon: 

Instituto Nacional de Sáude Doutor 

Ricardo Jorge (INSA). Lisboa. 

https://bandeiraazul.abae.pt/wp-

content/uploads/sites/2/2015/02/relatorio-

areias-nov2008.pdf 

Echevarría, L., 2017. Diversidad de hongos 

filamentosos en la arena de las playas: en 

la Costa Norte de Puerto Rico. Editorial 

Académica Española. ISBN 

10: 3639806611  

Fontalvo, J., 2012. Manual de Prácticas de 

Laboratorio de Microbiología. Editorial 

Unimagdalena. 41. ISBN:9789587460452. 

Forbes, B.A., Sahm, D., Weissfeld, A.,  2009. 

Diagnóstico Microbiológico. Editorial 

Médica Panamericana. 

ISBN:9789500682435. 

Pauw, De, B.E., 2011. What are fungal 

infections. Mediterr. J. Hematol. Infect. 

Dis., 3: e2011001, DOI 

10.4084/MJHID.2011.001. 

Gomes, D.N.F., Cavalcanti, M.A.Q., Fernandes, 

M.J.S., Lima, D.M.M., Passavante, J.Z.O., 

2008. Filamentous fungi isolated from 

sand and water of Bairro Novo and Casa 

Caiada beaches, Olinda, Pernambuco, 

Brazil. Braz. J. Biol., 68(3): 577-582. 

Gugnani, H.C., 2000. Non dernatophytic 

filamentous Keratin fungi and their role in 

human infection; Biology of dermatophytes 

and other Keratinophilic fungi. Revista 

Iberoamericana de Micología Bilbao. 17. 

109-114. ISBN: 84-607-0711-3 

Izquierdo, J., Piera, G., Aledany, M.C., Lucena, 

F., 1986. Estudio de la flora fúngica de la 

arena de la playa de Barcelona. Athens 

United Nations Environment Programme, 

Mediterranean Action Plan, Mediterranean 

Marine Pollution Monitoring and Research 

Programme (MED POL. Research Project 

Final Report).  

Llewellyn, P.J., Shackley, S.E., 1996. The effect 

of mechanical beach-cleaning on 

invertebrate populations. British Wildlife. 

7(3): 147-155. 

Mendes, B., Urbano, P., Alves, C., Lapa, N.
 
, 

Morais, J., Nascimento, J.,
 
Oliveira, J.F.S., 

1997. Sanitary quality of sand from 

beaches of Azores islands. Water Sci. 

Technol., 35(11-12): 147-150. 

Nestor, I., et al. 1984. Detection of enteroviruses 

in seawater and beach sand. Zentralbl. 

Bakteriol. Mikrobiol. Hyg. B., 178(5-6): 

527-534.    

https://bandeiraazul.abae.pt/wp-content/uploads/sites/2/2015/02/relatorio-areias-nov2008.pdf
https://bandeiraazul.abae.pt/wp-content/uploads/sites/2/2015/02/relatorio-areias-nov2008.pdf
https://bandeiraazul.abae.pt/wp-content/uploads/sites/2/2015/02/relatorio-areias-nov2008.pdf
https://www.iberlibro.com/products/isbn/9783639806618?cm_sp=bdp-_-ISBN10-_-PLP


 

 
Microbiology                                                         2019;  4(1): 1-6   

 

6 
                                                             PSM Microbiology | https://journals.psmpublishers.org/index.php/microbiol 

Pereira, E., Figueira, C., Aguiar, N., 

Vasconcelos, R., Vasconcelos, S., Calado, 

G., Brandão, J., Prada, S., 2013. 

Microbiological and mycological beach 

sand quality in a volcanic environment: 

Madeira archipelago, Portugal. Sci. Total 

Environ., 461-462:469-79. 

Oliveira, J.S., Méndez, B.S., 1992. Qualidade de 

agua litoral portugués (Water quality in 

Portugal). 1 congreso de agua. Lisbon, 

Portuguese Association of Water 

Resources (APRH). 2: 155-179. 

Pontón, J., Dolores, M.M., Gené, J., Guarro, J., 

Quindós, G., 2002. Hongos y 

actinomicetos alergénicos. Revista 

Iberoamericana de Micologia., 38.  

Samson, R.A., Visagie, C.M., Houbraken, J.,   

Hubka, V., Klaassen, CHW.,  Seifert, KA.,   

Tanney,  JB., .Kocsubé, S., Szigeti
 
, G., 

Yaguchi, T., Frisvad, J.C., 2014. 

Phylogeny, identification and 

nomenclature of the genus Aspergillus. 

Stud. Mycol., 78: 141-173.  

St-Germain, G., Summerbell, R., 2011. 

Identifying Fungi: A Clinical Laboratory 

Handbook. 2
da 

edition. Belmont: Star 

Publishing Company, Inc. 365. ISBN-13: 

978-0898631777. 

 

 

 

  


