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Abstract:

Colombia is the fifth most attractive tourist destination in South America. As
such, it is highly visited by tourists year-round, but especially during the
summer. Many tourists tend to get sick, which can be due to exposure to
wind carrying sand particles or direct contact. This study collected samples
of dry sand at three equidistant points along the beach. The samples were
collected on January 3, 2024. The main objective of this research was to
identify the colony-forming unit (CFU) and species of filamentous fungi and
Candida species present in the sand of Bocagrande beach in Cartagena,
Colombia. The aim was to determine if the fungi and yeasts found are
pathogenic to public health and to assess the quality of the sand. Positive
and negative controls were prepared, and then one gram of sand was
transferred to each of the following culture media: Mycosel, SDA, RBA, and
HardyCHROM™ Candida. The samples were prepared in triplicate and
incubated for 7 to 14 days at 25°C. Hardy CHROM ™ Candida samples
were incubated at 35°C for 48 hours. Colony counts (CFU) were performed,
the average was calculated, and the species were isolated in tubes of each
medium and incubated at the same temperature. To identify the fungi, a
small amount of sample was transferred to a slide stained with lactophenol
cotton blue for microscopic observation. Four genus of filamentous fungi
two species of yeast from the genus Candida were isolated from the beach
sand samples. The identified fungal genus were: Aspergillus, Candida,
Rhizopus, Trichoderma, and Ascomycetes. The genus Aspergillus showed
the highest percentage of growth. The isolated filamentous fungal species
were: A. niger, A. flavus, A. glaucus, and A. terreus. However, A. niger was
the predominant species. The Candida species identified were Candida
albicans and Candida tropicalis. The average filamentous fungi count
(including Candida) in the samples was 40 CFU. This indicates that the
sand is classified as being of average quality based on the results. Most of
the fungi identified are pathogenic to humans. In particular, Aspergillus, in
high concentrations, can cause aspergillosis, which leads to lung problems
such as infections.
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INTRODUCTION

Boca Grande Beach is located in the city of
Cartagena, Colombia, in the Caribbean region,
known for its warm climate and impressive
historical and cultural heritage (Ruiz-Merchan et
al., 2025). Cartagena, an iconic city, is situated
on Colombia's northern coast and is a renowned
tourist destination, both for its historic center and
its beautiful beaches. Boca Grande, in particular,
is one of the city's most famous and popular
beaches, stretching along the coastline of
Cartagena's modern district, near numerous
hotels, shopping centers, and restaurants. The
beach is characterized by its fine, golden sand
and warm, clear waters, making it an ideal place
to enjoy the sun and sea. Its proximity to
Cartagena's historic center and easy access
from various points in the city make it a key
tourist destination (Cabrera and Botero, 2018;
Moreno-Egel et al., 2006). Ecologically, Boca
Grande Beach is situated within a coastal
ecosystem characteristic of the Caribbean
region. Beaches like Boca Grande are areas of
high biodiversity, not only for marine species but
also for microorganisms, including bacteria,
algae, and fungi (Diaz and Acero, 2003;
Manjarrez-Paba et al., 2017; Paba and Avila,
2022). However, although research on marine
microbiology has been conducted in coastal
areas of Colombia, specific studies on fungi at
Boca Grande beach are limited. In general, fungi
inhabiting marine or coastal environments
include diverse species that play crucial roles in
the decomposition of organic matter and in the
biogeochemical cycles of these ecosystems.
Previous research has documented the
presence of fungi in the marine waters and
sediments of various beaches in the Colombian
Caribbean, such as Penicillium and Aspergillus,
which are known for their ability to decompose
organic matter and, in some cases, for being
pathogens of marine plants or animals (Londofio
et al., 2018; Vélez Moreno, 2025). These
studies, although limited in their specific focus
on Boca Grande beach, provide information on
the behavior and ecology of fungi in coastal
areas of the Caribbean, highlighting their
importance in ecological balance. Interest in
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fungi in these environments is not only related to
their ecological role but also to the potential
identification of pathogenic species that may
pose a risk to public health, especially in areas
with high tourist traffic like Boca Grande.
Furthermore, the study of these microorganisms
on urban and tourist beaches like this one is
fundamental to understanding the environmental
health of these ecosystems and their interaction
with human activities (Acevedo-Barrios, 2017;
Echevarria, 2022; Montiel-Mora and Gomez-
Ramirez, 2023). This study aimed to explore the
mycological environment of Boca Grande beach,
focusing on the diversity and role of fungi
present in the sand. Through this research, we
intend to provide relevant information on the
mycological ecology of one of the most visited
beaches in Cartagena and contribute to the
knowledge of environmental mycology in the
Colombian Caribbean region. The objectives of
this study were to isolate filamentous fungi from
the sand of Bocagrande beach in Cartagena,
Colombia, and to identify the genus and possible
species of the filamentous fungi using taxonomic
keys. Estimate the number of fungi by counting
colony-forming units (CFU). Finally, examine
whether the fungi found are pathogenic to
humans.

MATERIALS AND METHODS

Samples were collected in January 2024 from
the beach sand at Bocagrande in Cartagena,
Colombia (Figure 1). Sand samples were
obtained from the dry zone at three equidistant
points.

Fig. 1. Bocagrande Beach in Cartagena, Colombia.
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Approximately 100 grams of sand were placed in
a sterile bag. The culture media used were Rose
Bengal Agar (RBA), Sabouraud Dextrose Agar
(SDA), Mycosel, and Hardy Chrom™ Candida.
One gram of sand was weighed and then spread
in triplicate in a Petri dish containing RBA, SDA,
and Mycosel. The plates were incubated at 25°C
for approximately 7 to 14 days.The Hardy
CHROM™ Candida plates were incubated at
35°C for 48 h. As part of the analysis, positive
and negative controls were performed
(Echevarria, 2017; Echevarria, 2019). For the
positive control, each plate containing the
Mycosel/SDA/RBA medium was inoculated with
A. niger to demonstrate the medium's capacity
for growth. For Hardy Chrom™ Candida, the
same procedure was followed, except that the
yeast Candida albicans was used. A negative
control was also included without inoculation to
ensure the sterility of the medium. These were
incubated together with the samples. Colony-
forming units (CFU) were then counted in
triplicate on the plates, and the average was
calculated (Echevarria, 2022). The different
colonies were selected and isolated on tubes
containing SDA, Mycosel and RBA agars and
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incubated for 7 to 14 days at 25°C. The Hardy
CHROM™ Candida tubes were incubated at
35°C for 48 h. Genus and species identification
was achieved after macroscopic and
microscopic analysis. For the macroscopic
study, the morphology, color, and surface
appearance of the back of each sample were
observed. For samples in Hardy CHROM™
Candida, identification was based on the color
change of the medium (Echevarria, 2022;
Scharmann et al., 2020). For the microscopic
study, samples of the isolated colonies were
transferred to slides stained with lactophenol
cotton blue. The data obtained were compared
with taxonomic keys. To determine sand quality,
the average colony-forming unit (CFU) was
estimated (Forbes, 2009). Based on the total
number of colonies, sand quality was
determined using the maximum values
recommended by the Ricardo Jorge National
Institute of Health (INSA) Standard (Brandao et
al., 2011). The recommended values presented
in Table 1 of the institute helped us determine
the sand quality of Bocagrande beach in
Cartagena (Pereira et al., 2013).

Table 1. Recommended maximum values of filamentous fungi in beach sand.

Recommended maximum values for filamentous fungi in beach sand

>MVA >MRV < MAV
Poor quality Average Quality Good Quality
CFU/g=85 CFU/lg=5 CFU/g=5

Values recommended by the Instituto National de Salde Riardo and National Institute of Health in Portugal (Pereira et al., 2013),
Maximum recommended values: Instituto Nacional de Saude Ricardo Jorge INSA — National Health Institute on Portugal (Brandao

et al., 2011).

RESULTS

Four genus of filamentous fungi and two species
of yeast from the genus Candida were isolated
from the beach sand samples. The identified
fungal genus were: Aspergillus, Candida,
Rhizopus, Trichoderma, and Ascomycetes. The
genus  Aspergillus showed the highest
percentage of growth. The isolated filamentous
fungal species were: A. niger, A. flavus, A.
glaucus, and A. terreus. However, A. niger was
the predominant species. Yeasts were identified
by the color of the colonies on the agar. The

Candida species identified were Candida
albicans and Candida tropicalis (Table 2).

The positive control showed growth in each
culture medium, while the negative control
showed no growth in any of the media. The
growth of filamentous fungal colonies in the
samples ranged from 29 CFU/g to 52 CFU/qg,
with average colony-forming units 40 CFU/g
(Table 3). Based on the averages for the sand
sample, the sand quality, according to the
parameters in Table 1, was classified as
average quality (>5CFU/q).
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Table 2. The Classification of fungal isolates from
beach sand.

Family Genus Species
niger
. . flavus
Aspergillaceae Aspergillus
perg perg glaucus
terreus
. Ibi
Debaryomycetaceae Candida a |(?an§
tropicalis
Mucoraceae Rhizopus sp.
Hypocreaceae Trichoderma sp.

Ascomycetes  sp.

Table 3. Average growth of filamentous fungal
colonies (CFU) in different culture media.

Culture medium CFU/g
SDA 29
Mycosel 36
RBA 45
Hardy = CHROM ™ 52
Candida

Total average 40
DISCUSSION

The results of this study on the fungal
community in the sand of Bocagrande beach in
Cartagena, Colombia, reveal a diversity of
filamentous fungi and yeasts that may have
ecological and public health implications. Four
genus of filamentous fungi were isolated:
Aspergillus, Trichoderma, Ascomycetes, and
Rhizopus, and two species of yeast from the
genus Candida (C. albicans and C. tropicalis).
Among the fungal species, Aspergillus niger had
the highest number of colony-forming units
(CFU), reflecting its broad tolerance to dry,
sandy environments and its ability to compete in
nutrient-poor substrates.

The average values of 40 CFU/g obtained in this
study classify the sand from Bocagrande as
being of average quality according to the criteria
used (INSA, Instituto Nacional de Saude Ricardo
Jorge, Portugal) for filamentous fungi in beach
sands. This figure is lower than the median
reported by the Mycosands initiative, which
included 91 sampling sites and established a
reference value of 89 CFU/g in coastal and
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freshwater beach sediments (Branddo et al.,
2021). This suggests that, although fungal
abundance in Bocagrande is moderate, it is not
without a significant presence of fungi.

The presence of Aspergillus species in beach
sands is consistent with global reports of fungal
communities in coastal environments. Previous
studies have identified Aspergillus, Candida,
Fusarium, Cryptococcus, and other genus in
sand samples from various beaches, reflecting
the ubiquity of these fungi in terrestrial and
coastal substrates and their association with
both organic matter and human activity (Brandao
et al., 2021; Echevarria, 2019; Echevarria, 2022;
Gangneux et al, 2024). The detection of
Candida albicans and C. tropicalis in
Bocagrande is relevant, given that Candida
species are considered indicators of fecal
contamination and are opportunistic in humans,
particularly in immunocompromised individuals
or those with underlying health conditions (King
and Leonard, 2023).

From a public health perspective, the reviewed
literature indicates that certain fungal genus
isolated in this study (Aspergillus and Candida)
are capable of causing respiratory, cutaneous,
and systemic illnesses in humans exposed to
large quantities of spores or prolonged direct
contact with contaminated substrates.
Aspergillus spores can induce respiratory
aspergillosis and allergic reactions, while
Candida can cause mucocutaneous or systemic
mycoses in susceptible individuals. In urban
beach environments like Bocagrande, exposure
can occur through recreational activities that stir
up sand and release spores into the air, or
through direct skin contact while playing and
resting on the sand (Andrade et al., 2025; Vieira
etal., 2012).

Another important dimension of these findings
involves coastal fungal ecology. Sand acts as a
passive and accumulating reservoir  of
microorganisms, associated with both
environmental and anthropogenic agents (Ashraf
and Igbal, 2021; Ashraf and Igbal, 2022;
Echevarria and Igbal, 2021; Igbal et al., 2019;
Moazeni et al., 2022). Sand acts as a passive
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port for cumulative contamination and a
reservoir for microorganisms (Oliveira and
Mendes, 1992). Most of these fungi cause
infections, bronchitis, and sinusitis. Several
articles indicate that transmission occurs through
direct contact (King and Leonard, 2023; Moazeni
et al., 2022; Selvarajan et al., 2024).

Studies in other regions have shown that the
fungal community of marine sand varies
according to factors such as human presence,
season, and geography, although in many cases
fungi are more abundant and diverse in the sand
than in seawater itself (Branddo et al., 2021;
Echevarria, 2022; Echevarria and Igbal, 2021;
Montéas-Bravo et al., 2026). This also has
implications for environmental monitoring.
However, unlike the bacterial indicators
commonly used to assess beach quality, fungal
parameters are not systematically integrated into
health surveillance programs, despite their
potential health risks (Leonard and Eaton, 2021,
WHO, 2022).

In summary, the data obtained in Bocagrande
are consistent with findings from other
international studies that highlight the presence
of opportunistic fungi in beach sands and
suggest the need to consider fungi as an integral
part of microbiological assessments of
recreational environments. Classifying the sand
as “average quality” in terms of CFU/g does not
imply an absence of risk, given the presence of
potentially pathogenic species. Future studies
incorporating molecular analyses and
sequencing methodologies could broaden our
understanding of fungal diversity and assess its
relationship with environmental, climatic, and
human-induced factors, as well as correlate the
presence of specific species with potential health
effects on beach users (Brandao et al., 2011; Li
et al., 2026; Mataragka, 2026; Owen et al.,
2026; Whitman et al., 2014). The presence of
fungi in sand has been studied in various parts
of the world, leading to the conclusion that it
should be monitored to establish preventative
measures.

2026; 11(1): 68-75
CONCLUSION

Our study demonstrated the isolation of four
genus of filamentous fungi two species of yeast
from the genus Candida from the beach sand
samples. The filamentous fungi isolated were:
Aspergillus, Trichoderma, Ascomycetes, and
Rhizopus. The most abundant genus was
Aspergillus. The isolated filamentous fungal
species were: A. niger, A. flavus, A. terreus, and
A. glaucus. The isolated Candida species were:
Candida tropicalis and Candida albicans. The
growth of filamentous fungal colonies in the
samples ranged from 29 CFU/g to 52 CFU/qg,
with an average of 40 CFU/g. Some of the
identified species can cause respiratory
illnesses. Therefore, people with compromised
immune systems should exercise caution when
visiting the beach. Aspergillus has been found in
sand on various beaches around the world.

ACKNOWLEDGMENTS

The authors would like to express their gratitude
to PUCPR- Arecibo for Sciences laboratory for
supporting this work.

CONFLICT OF INTEREST

The authors declare this article content has no
conflict of interest.

GENERATIVE Al STATEMENT

The author(s) declare that no Generative Al was
used for the writing of this manuscript, nor for
the creation of images, graphics, tables, or their
corresponding captions.

PUBLISHER’S NOTE

All claims expressed in this article are solely
those of the authors and do not necessarily

72

PSM Microbiol | https://psmjournals.org/index.php/microbiol



PSM Microbiology

represent those of their affiliated organizations,
or those of the publisher, the editors and the
reviewers. The publisher does not guarantee or
endorse any product that may be reviewed in
this article or any claim made by its
manufacturer.

REFERENCES

Acevedo-Barrios, R., 2017. Diagnéstico
preeliminar ambiental de playas de
Cartagena de Indias, Caribe colombiano.
Tek. Rev. Cient., 17: 38.

Andrade, E.F., Poester, V.R., Esperon, B.M.,
Trapaga, M.R., Hidalgo, J.E.D., Ferreira,
F.B., de Souza, M.M., Severo, C.B., Groll,
A.V., Xavier, M.O., 2025. Pathogenic
Aspergillus spp. and Candida spp. in
coastal waters from southern Brazil: an
one health approach. Braz. J. Microbiol.,
56(1): 179-189.

Ashraf, A., Igbal, M.N., 2021. Fungi in the Sands
of Egyptian Pyramids is a Concern for
Public Health. PSM Biol. Res., 6(1): 19-
21.

Ashraf, A., Igbal, M.N., 2022. Beach Sand and
Sea Water as Reservoir of Potentially
Pathogenic Microbes. PSM Microbiol.,
7(1): 37-39.

Branddo, J., Gangneux, J.-P., Arikan-Akdagli,
S., Barac, A., Bostanaru, A., Brito, S.,
Bull, M., Cerik¢ioglu, N., Chapman, B,
Efstratiou, M., 2021. Mycosands: Fungal
diversity and abundance in beach sand
and recreational waters—Relevance to
human health. Sci. Total Environ., 781:

146598.
Brandao, J., Silva, C., Ferreira, F., Costa, C.,
Cunha, M., Moura, l., Verissimo, C.,

Vergikosiki, B., Parada, H., Falcdo, L.,
2011. Monitorizagdo da qualidade das
areias em zonas balneares. Instituto
Nacional de Saude Dr. Ricardo Jorge
Lisboa.

Cabrera, J.A., Botero, C.M., 2018. Tourist
beaches. Encyclopedia of Earth Sciences
Series.

Diaz, J.M., Acero, A., 2003. Marine biodiversity
in Colombia: achievements, status of
knowledge and challenges. Biodiversidad

2026; 11(1): 68-75

marina en Colombia: Estado actual del
conocimiento y desafios futuros. Gayana.,
67(2): 261-274.

Echevarria, L., 2017. Diversidad de hongos
filamentosos en la arena de las playas: en
la Costa Norte de Puerto Rico. Editorial
Académica Espafiola.

Echevarria, L., 2019. Molecular identification of
filamentous fungi diversity in North Coast
beaches sands of Puerto Rico. Int. J. Mol.
Microbiol., 2(3): 51-61.

Echevarria, L., 2022. Inventory of filamentous
fungi and yeasts found in the sea water
and sand of the beach of pier in Arecibo
Puerto Rico. PSM Microbiol., 7(1): 4-11.

Echevarria, L., Igbal, M.N., 2021. Identification
of Fungi and Yeasts from the Sands of the
Pyramids of Giza, in Cairo, Egypt. PSM
Biol. Res., 6(1): 13-18.

Forbes, B.A., 2009. Diagnostico microbiologico.
Ed. Médica Panamericana.

Gangneux, J.-P., Brandao, J., Segal, E., 2024.
Knowledge and regulation on fungal
contamination of sand and water:
Progress report and perspectives. Med.
Mycol., 62(2): myad137.

Igbal, M.N., Ashraf, A., Igbal, A., 2019.
Filamentous Fungi in Beach Sands:
Potential Pathogens for Infectious
Diseases. Int. J. Mol. Microbiol., 2(3): 63-
65.

King, N., Leonard, M., 2023. A review of the
human health risks from microbial hazards
in recreational beach sand. Report No.
FW23015. Wellington, New Zealand:
Prepared by the Institute of Environmental
Science and Research Limited (ESR) for
New Zealand Ministry of Health Manatu
Hauora, 10.

Leonard, M., Eaton, C., 2021. Recreational
Water Quality Guidelines  Update.
Environmental Science and Research
Institute Client Report FWFW?21029 for
Ministry of Health. https://www. esr. cri.
nz/media/seap4uly/recreational-water-
quality-guidelines-update. pdf.

Li, H., Yang, Y.Y.  Chokkakula, S,
Sathishkumar, K., Alam, M.M., Al-Sehemi,
A.G., Zhang, X., Chong, S., Jeyaraj, G.,
2026. Fungi between threat and promise:

73

PSM Microbiol | https://psmjournals.org/index.php/microbiol


https://www/

PSM Microbiology

global perspectives on health and
innovation. Front. Microbiol., 17 - 2026.

Londofio, C.O., Fernandez, R.R., Gulloso,
E.R.M., 2018. Identification of fungi
dermatophytes in the coastal area of
district of Riohacha, La Guajira. Contemp.
Eng. Sci., 11: 4691-4699.

Manjarrez-Paba, G., Blanco Herrera, J.1,,
Arrunategui, B.P.G., 2017. Environmental
and Health Risk by the Presence of
Parasites in the Sand of Cartagena
Beaches, Beach Management Tools-
Concepts, Methodologies and Case
Studies. Springer, pp. 831-844.

Mataragka, A., 2026. Seabed and Beach
Sediments as Dynamic Genetic
Interfaces. Environ., 13(3): 129.

Moazeni, M., Hedayati, M.T., Haghani, I.,
Abastabar, M., Jahantigh, A.S., Kheshteh,
M., Nabili, M., Brand&o, J., 2022. Caspian
Sea Mycosands: the variety and
abundance of medically important fungi in
beach sand and water. Int. J. Environ.
Res. Public Health., 20(1): 459.

Montéas-Bravo, L., Solo-Gabriele, H.M., Gil, D.F.,
Amirali, A., Arenas, S.P., Hoffman, S.,
Jimenez, A., Mendonc¢a, A., Reiner, R.,
Sabino, R., Sarioglou, K., Sharkey, M.E.,
Shukla, B.S., Tavarez, 1.J., Valério, E.,
Verissimo, C., Brandao, J., 2026. A case
for monitoring fungi of clinical relevance at
beaches: enterococci measures do not
correlate with all disease risks. Environ.
Monit. Assess., 198(2): 123.

Montiel-Mora, J.R., Gémez-Ramirez, E., 2023.
Calidad fisicoquimica y microbiolégica del
agua costera en Nicoya, Costa Rica:
comparacion de tres playas con diferente
impacto  turistico 'y  administracion.
Cuadernos de Investigacion UNED.,
15(2): 77-90.

Moreno-Egel, D., Agamez, M., Castro, E.,
Voulgaris, G., 2006. Beach morphology
and coastal protection along headland
bays in Cartagena de Indias, Colombia. J.
Coast. Res., 2004: 1658-1664.

Oliveira, J., Mendes, B., 1992. Qualidade da
Agua do Litoral Portugues.[Water quality
in Portugal], Proceedings of the First
Water Congress, Lisbon. Association of
Water Resources (APRH), Lisbon,
Portuguese, pp. 155-179.

2026; 11(1): 68-75

Owen, E.A., Griffiths, R.l., Golyshin, P.N.,
Chernikova, T.N., Kurr, M., 2026. Patterns
in Marine Fungal Diversity and
Community Structure on Native Versus
Invasive  Macroalgae at a Local
Geographic Scale. Microbial Ecology.

Paba, G.M., Avila, R.B., 2022. Caracterizacion
de especies Enterococcus spp por
MALDI-TOF MS ,aislados de la playa
Bocagrande de Cartagena Colombia
Caracterizacéo da espécie de
Enterococcus spp por MALDI-TOF MS
isolado da praia de Bocagrande de
Cartagena Colébmbia. Braz. J. Anim.
Environ. Res., 5(2): 2204-2217.

Pereira, E., Figueira, C., Aguiar, N.,
Vasconcelos, R., Vasconcelos, S.,
Calado, G., Brandéo, J., Prada, S., 2013.
Microbiological and mycological beach
sand quality in a volcanic environment:
Madeira archipelago, Portugal. Sci. Total
Environ., 461: 469-479.

Ruiz-Merchan, J., Restrepo, J.C., Haus, B.K.,
Otero, L., Conde-Frias, M., Cueto, J.,
Guerrero, M., Guerrero, A.M., Tovio, C.,
Vega, M., 2025. Field observations of
wave and current dynamics on a
microtidal dissipative-intermediate
environment at Bocagrande Beach,
Colombian Caribbean, during dry and wet
seasons. Lat. Am. J. Aquat. Res., 53(5):
801-822.

Selvarajan, R., Sibanda, T., Ullah, H., Abia,
A.L.K., 2024. Beach sand mycobiome:
The silent threat of pathogenic fungi and
toxic metal contamination for beachgoers.
Mar. Poll. Bull., 198: 115895.

Scharmann, U., Kirchhoff, L., Chapot, V.I.S.,
Dziobaka, J., Verhasselt, H.L., Stauf, R.,
Buer, J., Steinmann, J., Rath, P.M., 2020.
Comparison  of  four  commercially
available chromogenic media to identify
Candida albicans and other medically
relevant Candida species. Mycoses.,
63(8): 823-831

Vélez Moreno, I., 2025. Recolecta, aislamiento y
cultivo de hongos marinos del Caribe
colombiano. Universidad CES.

Vieira, J., Fonseca, A., Vilar, V.J., Boaventura,
R.A., Botelho, C.M., 2012. Water quality in
Lis river, Portugal. Environ. Monit.
Assess., 184(12): 7125-7140.

74

PSM Microbiol | https://psmjournals.org/index.php/microbiol



PSM Microbiology

Whitman, R., Harwood, V.J., Edge, T.A., Nevers,
M., Byappanahalli, M., Vijayavel, K.,
Brandao, J., Sadowsky, M.J., Alm, E.W.,
Crowe, A., Ferguson, D., Ge, Z., Halliday,
E., Kinzelman, J., Kleinheinz, G.,
Przybyla-Kelly, K., Staley, C., Staley, Z.,
Solo-Gabriele, H.M., 2014. Microbes in

2026; 11(1): 68-75

Beach Sands: Integrating Environment,
Ecology and Public Health. Rev. Environ.
Sci. Biotechnol., 13(3): 329-368.

WHO, 2022. Guidelines for drinking-water
quality: incorporating the first and second
addenda. World Health Organization.

75

PSM Microbiol | https://psmjournals.org/index.php/microbiol



