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ABSTRACT: Recreation areas have primary environmental contact matrices (water and sand) with the
population and therefore need to be monitored periodically,dueto to the risks to human and animal health posed
by the potencial presence of pathogenic microorganisms. The purpose of this work was to recommend methods
which can be used in the investigation of bioindicators of importance in the area of environmental sanitation,
and discussed the standards used in the legal regulations to support the monitoring, which ensure the actions of
the environmental and health systems. Protocols used in scientific research and by sanitation companies and
bibliographic reviews were described. In Brazil, the National Council for the Environment has determined the
acceptable standard limits for coliforms found in the water matrix used for bathing only. There are simply
recommendations for the environmental agencies the evaluation of the parasitological and microbiological
quality of the sand for future standardizations. Isolated initiatives of municipal environmental agencies
established classification limits for sand matrix, considering only the bacteriological parameters. We
recommend incorporating new protocols for evaluation of environmental sanitary conditions. The protocols
proposed for evaluation of the presence of fungi and parasites can be used to determine the sanitary quality of
the recreation areas.
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. INTRODUCTION

Deficiencies in health infrastructure in developing countries result in concentrated sources of
contaminants that lead to water and soil deterioration. The interface between sanitation and water resources is
narrow. The vulnerability of water sources to contamination can pose health problems for the population. The
risk to human health is higher where degraded areas are used for recreation.

Environmental sanitation needs to be understood as a strategy to improve the quality of life and health
of the population. Good practices and methodologies monitoring water resources and sanitation contribute to an
integrated environmental management (Philippi Junior and Galvao Junior, 2012). Public policies play a vital
role in the sustainable use of environmental resources, with hydrographic basins as units of socio-environmental
analysis where passive agents (natural resources) and assets (anthropic action) are associated (Brazil, 2009).

Considering the need for actions to control and monitor the sanitary quality of water and soil used by
the population in recreation areas such as beaches, squares and fields. Public authorities should provide safe
information about the risks of using these environments, whether for bathing or recreation (Sotero-Martins et al.,
2014).

The objective of this work was to discuss methods that can be used in the construction of
environmental bioindicators (coliforms, parasites and fungi), and the legal standard limits to ensure monitoring
and support actions of environmental and health control agencies. The search of the described methods included
the publications of reviews, legislation, indexed articles, using the descriptors: sanitary quality analysis methods,
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recreation areas, microorganisms, parasites and fungi. Efforts have been concentrated in the publications
describing simple methodologies to be executed, involving a low cost within the ten last years.

I1. SOIL COLIMETRY

To evaluate the soil sanitary quality of recreational areas, the total and thermotolerant coliforms, which
includes Escherichia coli, are the preferred bioindicators of environmental contamination used by sanitation
agencies worldwide (Sotero-Martins et al., 2014), because the microorganisms eliminated in the human feces
are of different types, however the coliforms (Escherichia coli, Aerobacter aerogenes and Aerobacter cloacae)
are present in large quantity, being able to reach one billion per gram of feces (FUNASA, 2007). The coliforms
are defined as bacteria that are in the form of gram-negative bacilli, aerobic or facultative anaerobic, non-spore
forming, oxidase-negative. They have the ability to grow in the presence of bile salts or other surface active
compounds. They ferment lactose with production of acid, aldehyde and gas at 35-37 °C in 24-48 hours, and
may exhibit B-galactosidase enzyme activity. Most bacteria of the total coliforms belong to the genres
Escherichia, Citrobacter, Enterobacter and Klebisiella. They are present in the feces of homeotermos animals,
so when present indirectly indicate the presence of human feces. The definition for thermotolerant coliforms is
the same as that of the total coliform group, but they are capable of fermenting lactose with acid and gas
production in 24 hours at 42 °C. Therefore, thermotolerant coliforms are a subgroup of total coliforms and the
main representative species is Escherichia coli, being the most found among coliforms, and is also considered
the most specific indicator of recent fecal contamination and pathogenic organisms (APHA, 2012). This is
abundant in human and animal feces found in sewage, effluent, natural waters and contaminated soils (Pinto and
Oliveira, 2011).

In the analysis of different environmental matrices, including soil, coliforms are one of the parameters
most used in the world by environmental agencies. The main detection methodology is still the multiple tube
technique (Sotero-Martins et al., 2014), expressing the results in Most Probable Numbers (MPN), calculated
according to the American Public Health Association (APHA). However, more accurate techniques with results
expressed in Colony Forming Units (CFU) have been described by other authors (Gronewold and Wolpert,
2008; Bonilla et al., 2007). The technique that can be used to investigate coliforms in soil with more accurate
results expressed in CFU is the filter membrane method (APHA, 2012), using the chromogenic culture medium
indicator Chromocult® Coliform Agar (Cat. No. Merck), and Millipore® sterile cellulose ester membrane with
porosity and diameter of 0.45 pm and 47 mm, respectively (Handam, 2016). The soil samples collected should
be processed within 24 hours (APHA, 2012). To perform this method, samples of 50 g of soil must undergo an
initial dilution in 200 mL buffer solution, consisting of: 1.25 mL/L stock A solution (monopotassium phosphate
34g/L) and 5.0 mL/L stock B solution (magnesium chloride 81 g/L), final pH 7,5 £ 0,25; sterilized at 121°C.
After vigorous shaking of samples in buffer solution, they should remain decanting for 30 minutes (Handam,
2016). Then is necessary to carry out a serial dilution. The first dilution consists of 5 mL of sample in a falcon
containing 45 mL of phosphate water. Following, an 1 mL aliquot of this first dilution is transferred to another
falcon containing 49 mL of phosphate water, composing the second serial dilution; this is transferred to another
1 mL falcon containing 49 mL of phosphate water, composing the third serial dilution (Handam, 2016). After
the dilutions proceeds to the filter membrane method (APHA, 2012), in which 10 mL of the diluted soil samples
are filtered with the aid of a vacuum pump. Subsequently, the membranes is placed on the culture medium
chromogenic indicator Chromocult® Coliform agar in a petri dish and are transferred to a bacteriological
incubator at 37 °C and remain there for 24 hours. This method allows the direct count of bacteria based on the
appearance of colonies on the membrane surface. At the time of bacterial reading, Merck's Chromocult®
chromogenic culture medium differentiates the colonies, being total coliforms with salmon/reddish color, and
Escherichia coli with blue/violet coloration. In this technique colimetric quantification is performed by CFU per
soil grams. Therefore, in order to compare the values of the standards described in the soil quality regulations
that may be described in MPN, it is necessary to perform the conversion to CFU values, considering that MPN
values are 2,167 times greater than in CFU (Handam, 2016), according to data observed in a published study
(Gronewold and Wolpert, 2008).

In Brazil there is still no federal regulation on the sanitary quality of the soil. The Resolution of the
National Environmental Council - CONAMA No. 274/00 (Brazil, 2001), which defines the criteria for bathing
in Brazilian waters, recommended to the environmental agencies the evaluation of the parasitological and
microbiological conditions of the sands for future standardization. In view of this recommendation, there are
legislations in some states, such as the Resolution of the Municipal Secretary of Rio de Janeiro - SMAC No.
468/2010, which determines the quality standards of the sands of Rio de Janeiro (Rio de Janeiro, 2010).
However, the regulations only have the standards regarding the bacteriological conditions of the sand, do not
have the standards for the presence of fungi, parasites and virus.
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I11. WATER COLIMETRY

Several water resources have the quality of their waters compromised by the growing disposition of
sewage and garbage considered as biological pollution. This type of pollution exposes the environmental
matrices to microorganisms of human and animal origin, like diverse bacteria of the groups of the fecal and total
coliforms. Some of these bacteria are described as pollution bioindicators in particular E. coli because they
indicate the presence of recent sewage in the water, which endanger public and environmental health (Sotero-
Martins et al., 2014; Moura et al., 2016). For colimetric analyzes in water, it is important to make sure that the
flasks used for collection are commercially sterile vials or vials previously sterilized by autoclaving (121 °C/ 1
atm) or by continuous exposure to UV radiation in laminar flow hood during 40 minutes. The vials containing
the samples must be packed in styrofoam box and kept under refrigeration until arrival in the laboratory. The
main methodologies used for the microbiological evaluation of water are the Colilert enzymatic assays
(commercial kit) and the filter membrane method associated with the Chromocult chromogenic assay. The
colilert enzymatic assay uses as a principle the reagent mixture defined as "Defined Substrate Technology"
(DST) in 100 mL of the sample followed by incubation for 18 h for a presence/absence (P/A) or most probable
number (MPN). The sample acquires yellow color when the coliform bacteria metabolize ortonitrophenyl-B-D-
galactopyranoside (ONPG), through the action of B-galactosidase that serves as nutrient and indicator and
fluoresces under UV light when E. coli metabolizes the 4-methylumbelliferyl-B-D-glucuronide (MUG), another
nutrient and indicator due to the action of B-glucuronidase. The reagent-sample mixture is added to a Quanti-
Tray plate, which is then sealed with the Quanti-Tray Sealer sealer and then incubated. Then, the positive wells
are counted and the MPNs of coliform bacteria and / or E. coli are determined from a table (Idexx laboratories,
2008).

The filter membrane method associated with the Chromocult chromogenic assay also uses enzymatic
metabolism where the colonies are differentiated by staining. The standard methods for the examination of the
water and wasterwater (Eaton et al., 2005), describe the analysis of the total coliform and E. coli levels by the
filter membrane method, which, after different dilutions, allows colony counting. Dilutions should take into
account the degree of pollution impact and pre-evaluate the water course to better determine which dilution
range is most appropriate. The methodology described in the Merck Manual (2000) uses Chromocult® Coliform
Agar chromogenic culture medium (Cat. No. 1.10426.0100 / 500), where the colonies are differentiated by
colorimetric process, which is also based on the an enzymatic apparatus present in the coliform groups, in which
total coliforms present as salmon / red colonies by metabolizing the ONPG chromogenic substrate and fecal
(thermotolerant) coliforms as dark blue to violet colonies by metabolizing the MUG substrate consuming the
glucoronide carbons and releasing four methyl a beliferone (360 nn) (Sotero-Martins, 2014). A 10 mL volume
of the diluent is filtered through a 47 mm sterol cell membrane where the microorganisms are retained. After
filtration the membrane is placed on Chromocult medium, and colony growth is observed after 24h at 37 °C.
The result of the number of colonies counted must be multiplied by the dilution factor, obtaining the expected
Colony Forming Unit (CFU) per mL of water. The data generated in CFU can be correlated to the unit values of
"most probable numbers" (MPN) (Rego, 2008), this correlation is assumed based on the data of Gronewold and
Wolpert (2008). The colony count data, presumed to be total or fecal (thermotolerant) coliforms, can thus be
used to assess the sanitary conditions of the waters based on the Technical Manual on Water Analyzes for
Human Consumption (1999) and on specific resolutions or legislations. In addition to the Brazilian laws cited,
international laws also use these methods to assess the quality of their waters, such as the Blue Flag Association
of Europe (BFAE) (2008), European legislation that defines the tolerable limits for water quality assessment and
the Environmental Protection Agency (EPA) (2000), the North American agency responsible for the definition
of reliable parameters in the evaluation of sanitary conditions of water.

VI. SOIL PARASITOLOGY

Contamination of the soil verified by the presence of eggs and larvae of helminths confers a risk of
infection to the population and is characterized as an improper soil, since there must be no parasites, according
to the law project No. 585/2015 (Rio de Janeiro, 2015). As described by Vasconcelos et al. (2011) soil fecal
contamination is the main mechanism for the diffusion of diseases caused by helminths. The soil provides
favorable conditions for nutrition and development of parasitic forms, besides, it allows keeping the infecting
parasite in the environment until it meets the host, thus increasing the chance of infection (Saito and Rodrigues,
2012). Contamination of public spaces such as beach sand, public parks and playground by excreta of dogs and
cats, contributes to the increase of the occurrence of helminthiases in humans, since, many of these organisms
present stage of development in the soil, resulting in the formation of (Amaral et al., 2006) .The diagnosis of
certainty of a parasitological process is given by demonstrating the presence of the parasite or its products in the
host organism (Rey, 2008).

Protocols to determine the presence of parasites in environmental samples were developed, among
them the following: the analytical technique used for the research of eggs, cysts and larvae in the dry sand
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samples by Lutz (1919), due to its simplicity and low cost. And for the research of nematode larvae the
technique of Baermann-Moraes (1917) is aproprieted. Both techniques were adapted by Amaral (2012), to better
use the environmental matrices.

For identification of parasites by the Lutz adapted method take 100 grams of sand should be used and
transferred to a glass container with 100 mL of 0.5% commercial neutral detergent. Subsequently, the solution is
vigorously shaken for 5 minutes and allowed to stand for complete decanting of the substrate. Then the
supernatant is filtered in four gauzes folded over a polypropylene sieve into a settling cup, having completed its
volume up to 250 mL with distilled water. After this, the contents should remain at rest for 2 hours for
spontaneous sedimentation. Then, the supernatant liquid is discarded to a next volume of the sediment, and the
material deposited at the bottom of the cup recovered and transferred to a conical tube type Falcon 15 mL for
new sedimentation. After 10 minutes, 50 puL of the material should be pipetted into the blade, one drop of the
Lugol Reagent being covered with a cover slip. The Adapted Baermann-Moraes method is similar to the
Adapted Lutz technique, only what differs is that the 100 grams of the soil sample are homogenized with 180
mL of distilled water heated to 45 °C with the aid of an electric boiler and thermometer, so as to cover the
sample (Amaral, 2012).

For each sample three replicates of the slides were performed, being examined under a microscope
using increases of 100 and 400X. The obtained sediment was divided into aliquots of 1.5mL and preserved one
in SAF for later microscopic reading and for analysis in molecular biology, and another frozen without
preservatives to be used in the ELISA, in order to increase the detection capacity of the cysts of G. lamblia and
E. histolytica / dispar and oocysts of Cryptosporidium sp. By means of commercial kits destined to the research
of parasitic antigens described in Amaral et al (2015). Another methodology that can be used in the
investigation of soil parasites is molecular biology. In which an aliquot of the supernatant is obtained by
conventional Lutz and Baermann-Moraes techniques and subjected to DNA extraction by commercial QlAamp
DNA Stool Mini kit (QIAGEN, Germany). For the use of this commercial QIAGEN kit, the manufacturer's
instructions were followed, but some adaptations were made for use with environmental samples. Where, 0.5
mL of the sample is pipetted. The extracted DNA was maintained at -20 ° C until use.

V. WATER PARASITOLOGY

According to article number 2 of CONAMA Resolution 274 of November 29 (2000) from Brazil, fresh,
brackish and saline waters destined for bathing (primary contact recreation) will have their condition evaluated
in the proper and inappropriate categories for analysis of fecal coliforms or Escherichia coli or Enterococcus,
but does not establish limits for parasitological analysis. But it is possible to do parasitological tests in water.
Caldas (2015) carried out the research of parasites in water using a commercially available Micro Wind®
polypropylene blanket with 1um porosity rewound wire (micrometer), coupled to a suction pump with filtration
flow that allows to pass at the end of the 20 thousand liters, when the water source was above the level to realize
the passage through the system, it is calculated the flow that will be necessary to leave the system running. At
the end the filters must be packed in thermal boxes until the arrival in the laboratory. This methodology allows
the detection of oocysts and cysts of protozoa in water (Anonimous, 1999; Aldom and Chagla, 1995; EPA,
1999; Vesey et al., 1993; Barbosa et al., 2013). The Microwind® Blanket Commercial Filter should be stripped
and washed with 1 L of 0.05% Tween-80 Solution (non-ionic emulsifiers) with the aid of hand rubbing to undo
the weft. Part of the wash deposited in the wash basin (300 mL) is transferred to the settling cup, containing
folded gauzes and attached sieve holder. The remaining pellet is preserved in SAF (Sodium Acetate Solution
Formalin: sodium acetate - 1.5 g, acetic acid: 20 mL, formalin: 40%: 40 mL, distilled water: 92.5 mL). The
filtrate rinse eluate that was filtered into gels folded into a settling cup at the end has its volume completed to
250 mL with distilled water. This suspension is allowed to stand for 2 hours, and then the supernatant is
discarded to the volume next to the pellet. It is then transferred to a conical tube with a capacity of 15 mL for a
new sedimentation. The precipitate is monitored with 50 uL (microliters) of the slide material, plus one drop of
Lugol Reagent 2% (Metallic lodine Solution and Potassium lodide), covered with cover slip. Three blades were
made for each sample. Microscope preparation is examined at 100 X and 400 X increments. Measurements of
eggs and larvae are taken with the aid of micrometer eyepieces (Caldas, 2015).

In Brazil, the inclusion of pathogenic protozoan research in the monitoring of environmental samples
of water is beginning. Although resolution No. 2914/201, of the Ministry of Health (Brazil, 2011) recommends
the evaluation of the presence of protozoa Cryptosporidium spp. and Giardia spp. In water intended for human
consumption, and stresses the obligation of monitoring the sources according to the concentration of
Escherichia coli present in the water body. However, several factors hinder the short-term treatment of this
recommendation, among them the inherent complexity of detection methods, the shortage of qualified human
resources for work and the scarcity of available information on the occurrence of these pathogens in national
water resources (Franco, 2007).
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VI. FUNGUS IN SOIL AND WATER

The environmental health of soil and water resources can be evaluated by the presence of fungi. The
suggestion for the use of the presence of fungi as a bioindicator is not recent (Sarin and Oliveira, 1996; Heinen
et al., 2009; Mancini et al., 2011; Viana, 2011). Among the evaluation protocols on fungi identification and
determination of levels of colony forming units per gram of soil or milliliter of water compared to levels of
coliform contamination is described by Rego (2010). This protocol has the following:

Stage of Isolation and Analysis of Microorganisms - Count and isolate colonies of yeasts in 24 hours,
classifying them into 2 phenotype categories: CSF - round orange yeast; L24h- white or yellow yeast grown
with 24 hours, this is reinoculated in selective chromogenic medium CHROMagar Candida®, specific for the
genus Candida. The inoculated plate should be kept at 29°C to allow the appearance of filamentous fungi (FF)
present in the sample. These should be isolated after 5-7 days of incubation and identified phenotypically in one
of 10 categories: AR- yellow round; LEA- cottony orange spat; NBB- black with white border; BE-white
fumed; VBB-blue-green filamentous white border; NFA-black cotton filamentous; BPeg- small white; BEC-
mirrored white; MA- cottony brown; BEA- white spat cottony. After the isolation and culture of the FF in SAB
medium, samples are observed directly under the optical microscope aiming the classification by the genus.
Thus, after 7 days of cultivation on Sabouraund Dextrose Agar slant, leaf culture is performed for the
observation of structures and identification and, finally, the preservation of filamentous fungi in a specific
culture medium. About 30 - 40% of the FF identified with the VBB phenotype belong to the genus Penecillium
sp and 70-80% of the FF identified with the NBB phenotype are of the genus Aspergillus sp.

Definition of limit values for fungi - Limit values for FF phenotypes are suggested according to Rego
(2010). The unit for the filamentous fungus is defined as Biomass Growth Unit (UCB), as suggested by Espdsito
and Azevedo (2004), whereas for the fungus phenotype the unit was Colony Forming Unit (CFU). Only those
campaigns where correlation with the data for E. coli and for the NBB phenotype should be observed when
there is a correlation between the MNP unit and E. coli CFU, as indicated by the data presented by Gronewold
and Wolpert (2008). The limit of the EPA (1986) in CFU was set to 2.35 per milliliter. The indication of this
limit value for water resulted from the analysis of epidemiological data, with a correlation between 1 gram and 1
milliliter. Consider the mean of colimetric analysis data for E. coli (in CFU/g) only from the correlated
campaigns, with the significant Pearson (r) correlation value between E. coli and NBB in dry sand, and thus the
number of times the mean E. coli was greater than the limit value of 2.35 CFU/g. For the definition of the limits
presented, the mean values of fungi values divided by the number of times the average of E. coli was higher
than the limit value of 2.35 CFU/g were considered. Four classification ranges: the first from zero to the value as
the lowest standard deviation (own for recreation = excellent); The second with value up to the value of the
defined limit (own for recreation, with low risk = good); The third to the highest standard deviation value (not
recommended for recreation, medium risk = inappropriate); And the fourth above this maximum value of the
previous track (not recommended for recreation, high risk = improper).

According to ABAE (2008) the species of the genus Aspergillus found in the environment can cause
aspergillosis, in the form invasive, allergic or toxic, and opportunistic Aspergillus species can infect various
organs in immunocompromised individuals such as children and the elderly. The species of Aspergillus,
Cladosporium and Penicillium, found on the beaches, may be a source of infection for superficial and deep
mycoses, and species of the genus Aspergillus the most responsible for respiratory infections in
immunocompromised patients.

VII. CONCLUSION

It is possible to incorporate multiple bioindicators of pathogenicity to monitor the risk related to
exposure to contaminated sand and water from recreation areas. Our group used most of protocols described in
this articles.The monitoring of different bioindicators by health and environmental surveillance agencies,
comparing with the appropriate parameters, may lead to a reduction in the difficulty of associating the
occurrence of pathogens with accurate data on the appearance of diseases in the population and greater control
the environment. The proposed protocols for evaluation of the presence of fungi and parasites can be used to
determine the sanitary quality of the recreation éreas.
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