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ABSTRACT 
Sanitation actions are rare in the communities of Manguinhos, so evaluation of the sanitary 

conditions of the river waters and the peridomestic soils of the communities allows the 

diagnosis of the risk of contamination. This study evaluated coliform levels (total coliforms and 

Escherichia coli) by the filter membrane method, and parasitological (by adapted Lutz and 

Baermann-Moraes methods) in the waters and soils of the Faria-Timbó, Jacaré and Canal do 

Cunha Rivers that pass through the communities of the Territory of Manguinhos, RJ, according 

to the standards established in Brazilian legislation. In all points of the rivers, the water was 

unfit, with an average level of Escherichia coli 3,800 times higher than that standardized in 

CONAMA Resolution No. 274/2000. Larvae, helminths eggs and protozoan oocysts were 

observed. Soil samples were also unfit, with mean total coliform level 77,000 times higher than 

that considered acceptable by SMAC Resolution 468/2010. The Escherichia coli average level 

was 53,000 times higher than that permitted by the legislation. However, helminths eggs were 

found in only one soil sample. It was concluded that the lack of sanitation in this locality results 

in the high coliform and parasitological levels of the river waters and in the peridomestic soils, 

and that immediate modifications are needed to the Brazilian environmental paradigm, which 

uses its water bodies as sewage disposal ditches. 

Keywords: coliforms, parasites, peridomestic soil, river water, sanitary quality. 
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Qualidade sanitária dos rios das Comunidades do Território de 

Manguinhos, Rio de Janeiro, RJ 

RESUMO 
Nas comunidades de Manguinhos ações de saneamento são escassas, por isso a avaliação 

das condições sanitárias das águas dos rios e do peridomicílio que perpassa as comunidades 

permite o diagnóstico do risco e da precariedade das situações de saneamento. Este estudo 

avaliou os níveis colimétricos (coliformes totais e Escherichia coli) pelo método de membrana 

filtrante, e parasitológicos (pelos métodos de Lutz e Baermann-Moraes adaptados) nas águas e 

no solo dos rios Faria-Timbó, Jacaré e Canal do Cunha que passam pelas comunidades do 

Território de Manguinhos, RJ, de acordo com os padrões estabelecidos em legislações 

brasileira. Em todos os pontos dos rios, a água estava imprópria com nível médio de Escherichia 

coli em 3.800 vezes maior do que o padrão estabelecido na Resolução CONAMA nº 274/2000. 

Sendo observadas larvas, ovos de helmintos e oocistos de protozoários. As amostras de solo 

também se apresentavam impróprias, com nível médio de coliformes totais em 77.000 vezes 

maior do que o aceitável pela Resolução SMAC nº 468/2010, e nível de Escherichia coli em 

53.000 vezes maior do que o padrão da legislação. Contudo, somente em um ponto de amostra 

de solo foram encontrados ovos de helmintos. Conclui-se que os reflexos da carência de 

saneamento nesta localidade refletem os elevados níveis colimétricos e parasitológicos das 

águas dos rios e no solo peridomiciliar, sendo necessária uma urgente modificação no 

paradigma ambiental brasileiro, que utiliza seus corpos hídricos como veículo de disposição de 

esgoto. 

Palavras-chave: água de rio, coliformes, parasitos, qualidade sanitária, solo peridomiciliar. 

1. INTRODUCTION 

The communities of the Territory of Manguinhos are located in the Canal do Cunha sub-

basin that is part of the Guanabara Bay basin. The sub-basin collects water from springs that 

cross densely populated areas, which also contribute to the contamination of rivers through the 

discharge of untreated sewage and solid residues directly into water bodies (FIOCRUZ, 2015). 

The neighborhood of Manguinhos includes thirteen communities with 38,461 inhabitants 

(Brasil, 2013) which do not have an adequate sanitation system. Sewage is discarded in septic 

tanks built by the residents themselves, or on the streets and sidewalks or directly into nearby 

rivers. Serious problems result, such as river pollution, which also arise from the discharge of 

waste in natura from factories. Another environmental problem of this region is related to 

floods, which impact the streets and residences, contaminating the environment and causing the 

risk of human disease. This occurs because areas are below sea level, and so flood-prone, and 

because of unplanned habitation of low areas (FIOCRUZ, 2015). 

Safety standards for bathing are set forth in the Resolution of the National Environmental 

Council (CONAMA) No. 274/2000 (CONAMA, 2001). However, the poorest populations are 

living in areas at social risk and more subject to environmental degradation (Fujimoto, 2000). 

In Brazil there is still no federal standards for soil quality, only specific environmental 

legislation (Sotero-Martins et al., 2014), such as the municipal Resolution of Rio de Janeiro 

(SMAC) No. 468/2010 (Rio de Janeiro, 2010). Soil and water are considered important sources 

for transmission of vectors that cause diseases in humans and animals. Diseases related to 

contaminated soil, for example, are ascaridiasis, tricuriasis, visceral and cutaneous larva 

migrans (Silva et al., 2009). The most water-related diseases are giardiasis, amebiasis, acute 

diarrheal disease (Brasil, 2015) and cryptosporidiasis (Mons et al., 2009). 
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The present work reports the sanitary conditions of the Faria-Timbó, Jacaré and Canal do 

Cunha Rivers that pass through the communities of the Territory of Manguinhos, RJ, according 

to the standards established in Brazilian legislation. In order to obtain more information on this 

locality neglected by the city management system, it highlights the importance of the sanitary 

quality of soil and water in regions with a low supply of sewage, since they are environmental 

matrices involved in the transmission of diseases, which affect humans and animals. This study 

will contribute information to support the creation of national legislation on the sanitary quality 

of primary contact soil, considering threshold values for the presence of parasites and coliforms. 

2. MATERIALS AND METHODS 

An observational descriptive exploratory study of environmental health was carried out in 

2015. Samples were collected at the upstream and downstream points of the Faria-Timbó, 

Jacaré and Canal do Cunha Rivers in relation to the communities of Manguinhos (Handam, 

2016), and were georeferenced (GPS) according to Table 1. A map of the Communities of 

Manguinhos´s Territory, Rio de Janeiro, RJ, with sampling points from rivers is available at: 

https://www.google.com/maps/d/edit?mid=zu9uU8Nlhl0Y.kOoze1i21ZOM. The points were 

chosen considering the contact of the residents with these environments. At each sampling point 

(n=7) a representative sample of water and soil was collected for coliform and parasitological 

analyses, totaling fourteen samples. 

Table 1. Collection points of the Faria-Timbó, Jacaré and Canal do Cunha Rivers and the 

locations and coordinates obtained by georeferencing (GPS), Rio de Janeiro, RJ. 

Points Locations Description Coordinates 

Point 1 upstream of the Faria-Timbó River 22º52'18.2" S, 043º15'13.7" W 

Point 2 upstream of Faria-Timbó River 22º52'41.7" S, 043º15'05.9" W 

Point 3 downstream of the Faria-Timbó River 22º52'51.8" S, 043º14'44.6" W 

Point 4 upstream of the Jacaré River 22º53'01.9" S, 043º15'08.6" W 

Point 5 downstream of the Jacaré River 22º52'52.5" S, 043º14'46.0" W 

Point 6 upstream of the Canal do Cunha River 22º53'14.2" S, 043º14'45.2" W 

Point 7 downstream of the Canal do Cunha River 22º52'50.6" S, 043º14'28.4" W 

For coliform analyses, water and soil samples were collected at the river bank and 

transferred to sterile bottles. Within 24-h, the samples were analyzed (APHA, 2012). The soil 

samples were diluted in a buffer solution [1.25 ml/l stock solution A (monopotassium phosphate 

34 g/l) and 5.0 ml/l stock solution B (magnesium chloride 81 g/l), pH 7.5 ± 0.25] sterilized at 

121°C. After stirring the samples in the buffer solution, they remained decanted for 30 min. 

Then serial dilutions of 10, 500 and 25000 times were performed on the soil samples. The water 

samples were serially diluted 10, 100 and 1000 times (Handam, 2016; Sotero-Martins et al., 

2017). 

Detection of total coliforms/Escherichia coli (E. coli) was verified using chromogenic 

indicator culture medium, Chromocult® Coliform Agar (Cat. No. 1,10426,0100 / 500 Merck), 

and the membrane filtration method (APHA, 2012). The coliform results for total coliforms 

(CT) and Escherichia coli (EC), were transformed from most probable number (MPN) per 100 

ml to colony-forming unit (CFU) per ml, based on data described by Gronewold and Wolpert 

(2008) (Handam, 2016; Sotero-Martins et al., 2017). Threshold values for the soil matrix were 

considered to be improper when it had CT and EC levels above 138.44 CFU/g and 17.54 CFU/g, 

respectively, and for the water matrix when EC levels were above 9.23 CFU/ml. 

Parasitological analysis of soil samples was performed using the adapted Lutz and 

Baermann-Moraes Methods (Amaral et al., 2015). After sedimentation, the supernatant 

discarded, and the pellet preserved in SAF (2.9 ml of acetic acid, 1.5 g of sodium acetate,                  
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4.0 ml of 40% formaldehyde and 92.5 ml of distilled water). The sample was then rested for 30 

minutes to allow for new sedimentation. Finally, six slides of each sample were analyzed, which 

contained 50 μl of the bottom sediment of a falcon tube stained with lugol under a microscope 

with magnifications of 100 times and 400 times, the latter being used to verify the 

measurements of the parasites (Handam, 2016; Sotero-Martins et al., 2017). The correlation of 

the coliform and parasitological results in the water and soil samples of the rivers was analyzed 

by the correlation Pearson coefficient test for parametric and Spearman data for nonparametric 

data (p <0.05) by the program BioEstat 5.3 (Ayres et al., 2007). 

3. RESULTS AND DISCUSSION 

The bacteriological parameters analyzed for the river waters were the bacteria of the 

coliform group having as standard the levels described in CONAMA Resolution No. 274/2000. 

The indicators evaluated were total coliforms (CT), which are Gram negative bacteria which 

can be found in the soil and in decomposing plant matter and do not necessarily correlate with 

fecal origin, but are more resistant in water than pathogenic intestinal bacteria (APHA, 2012). 

The other parameter of greatest relevance was the levels of Escherichia coli (EC), the main 

indicator of fecal contamination, as it is a bacteria present in the human intestinal tract and in 

homoeothermic animals, described in the legislation of several countries (Sotero-Martins et al., 

2014). 

The results of coliform levels for river water were improper at all sampling points, 

according to the standards established in CONAMA Resolution No. 274/2000. The highest 

levels of contamination were found in the sample upstream of the Canal do Cunha River, with 

a level of Escherichia coli (CFU/ml) 6,575 times higher than the recommended standard for 

bathing, and of total coliforms with a value of 67,500 CFU/ml. The lowest levels were identified 

at the points upstream of the Faria-Timbó River, with a level of Escherichia coli (CFU/ml) 

2,900 times higher than the standard established in the legislation, and total coliforms with a 

value of 27,000 CFU/ml (Figure 1). 

 
Figure 1. Total coliform and Escherichia coli 

levels in the water of the Faria-Timbó, Jacaré and 

Canal do Cunha Rivers, which pass through the 

Manguinhos, RJ communities. The limit values 

for appropriate recreational water classification 

are: Escherichia coli (9,23 CFU/ml), according to 

the Resolution of the National Environment 

Council – CONAMA 274/2000, considering data 

from the study by Gronewold e Wolpert (2008). 

Break interval: 100 – 400. 
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 The average contamination by E. coli in the water of the Faria-timbó, Jacaré and Canal 

do Cunha Rivers was 35,029 CFU/ml, 3,800 times higher than the standard value for bathing. 

The mean value of contamination by total coliforms was 47,250 CFU/ml. The coliform results 

of soil samples revealed that they were improper for primary contact, according to SMAC 

Resolution No 468/2010. The highest levels of contamination were found downstream of the 

Jacaré River, with total coliform levels of 170,639, and E. coli levels were 192,307 times 

greater. The lowest levels of total coliforms and E. coli were verified at the upstream point of 

the Canal do Cunha River, with total coliform levels of 469 and E. coli 3,988 times higher 

(Figure 2). The contamination averages found by total coliforms and by E. coli were, 

respectively, 77,000 and 53,000 times higher than the acceptable level for human health 

established by legislation. 

 
Figure 2. Total coliform and Escherichia coli levels in 

the soil of theFaria-Timbó, Jacaré and Canal do Cunha 

Rivers, which pass through the Manguinhos, RJ 

communities. The limit values for appropriate soil 

classification are: total coliforms (138,44 CFU/g), 

Escherichia coli (17,54 CFU/g), according to the 

Resolution of the Municipal Secretary of Environment 

– SMAC Nº 468/2010, considering data from the study 

by Gronewold and Wolpert (2008). Break interval: 200 

– 400. 

The levels indicated the use of water from the rivers was unfit for recreation and that the 

soil was unfit for primary contact without first having a disinfection process in order to 

eliminate the bacteria present. This contaminated water is commonly used for recreation, and 

comes in contact with the peridomestic soil (Gonçalves et al., 2003). 

Regarding the parasitological analyses, 71% (5/7) of the water samples were contaminated, 

with the presence of 25 larvae of nematodes (filariform larvae - 20; rhabditiform larvae - 5), 15 

helminth eggs and 2 protozoan oocysts detected. The downstream point of the Faria-Timbó 

River was the one which presented the highest parasitological contamination in comparison 

with the other points. The following were observed: filariform larvae (9) and rhabditiform 

larvae (3); egg of Toxocara sp. (1) and Ascaridata (1); oocysts of Coccidia sp. (1) and Isospora 

sp. (1). At the point upstream of this same river were found eggs of Ascaris sp. (1) and 

Strongylata (1). In the samples of the points upstream of the Faria-Timbó River and of the 

Jacaré River there were no parasites present. However, at the sampling point downstream of 

the Jacaré River eggs of Hymenolepis sp. (1), Toxocara sp. (1) and rhabditiform larvae (2) were 
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found. At the point upstream of the Canal do Cunha River eggs of Ascaris sp. (2), Toxocara sp. 

(2), Ascaridata (1), Strongylata (2); Enterobius sp. (1); and filariform larvae (6) were found. 

Downstream of this river an egg of Enterobius sp. (1) and filariform larvae (5) were identified. 

The results of the parasitological analyses of the soil samples showed that only the sample of 

the upstream point of the Jacaré River presented the presence of parasites. At this point, three 

Ascaridata eggs with morphometric indicating Toxocara sp. (3) were found. There were loads 

of solid waste and human feces nearby, probably brought by the water pollution of rivers and 

the people who lived at this location, and there was the feces of animals that transit the 

environment.  

It constitues a public health problem that some parasites may be transmitted by water and 

also by contaminated soil, since they can contaminate the water sources and peridomestic soil 

and due to the peculiarity of the biological cycle of its etiological agents. Also, the proximity 

between human and animal makes disease agents relatively important from the epidemiological 

point of view (Rey, 2008; Sotero-Martins et al., 2014; Amaral et al., 2016). 

The statistic correlation between the results of parasites with total coliform and 

Escherichia coli levels found in river waters showed a positive relation, with a Pearson 

coefficient of 0.4948, about 50% with a p-value of 0.2577, and of 0.5946, about 60% with                   

p-value of 0.1590, respectively (> 0.05). The correlation analysis performed with the soil 

samples revealed no correlation between the data. The Faria-Timbó, Jacaré and Cunha Rivers, 

besides receiving domestic sewage in most of their extensions, also receive industrial sewage, 

which causes an increase in the density of microorganisms.  

The high pollution of the rivers can be reversible with the interruption of the polluting 

sources or the reduction of the discharge of sewage. However, it is necessary that public 

authorities ensure that the rivers are not used as a discharge channel. The effects of sanitary 

actions, or the lack thereof, greatly impact the environment, and in particular water resources 

(Heller and Castro, 2007). 

4. CONCLUSIONS 

The levels of coliforms found in river waters and peridomestic soil points for the 

communities of the Manguinhos Territory were above the limits recommended by specific 

legislation. In addition, parasites found in these environmental matrices demonstrate the 

precariousness of sanitation in this area, and coupled with the high levels of sewage 

contamination of the rivers places the communities of Manguinhos at risk of infections which 

can transmitted by water or soil. An urgent change is required in the Brazilian environmental 

paradigm, which uses its water bodies for sewage disposal. 
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