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aBstract: Water constitutes one of the fundamental elements for human existence, which is demonstrated 
by its multiple uses, for public supply, industry, agriculture, livestock, recreation, and transportation. 
Nevertheless, contamination from various sources has been occurring for years impairing this resource 
and considerably increasing the risk of waterborne diseases caused mainly by bacteria, viruses, 
protozoa, and helminthes. Seasonal monitoring of helminthes is relevant to understand environmental 
contamination processes and provide information for decision-making measures to block the access 
of these parasites and other pathogens to man and animals. This study aimed at using parasitologic 
techniques to analyze the presence of helminthes and verify the water quality of the main bodies of 
water in Goiânia, the capital of the state of Goiás, Brazil. Samples were collected monthly from February 
2006 to January 2007 in six pre-set points, in a total of 72 samples. Of these, 17 (23.61%) were positive 
for free-living larvae and 2 (2.77%) for Ascaris sp. and Hymenolepis diminuta. This study showed that 
the rivers and lakes of Goiânia are contaminated by eggs and/or larvae of helminthes.

key wOrds: Helminthes, water, waterborne diseases.
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OcOrrência e mOnitOraçãO sazOnal de helmintOs nOs PrinciPais riOs e lagOs de gOiânia, gOiás, 
Brasil, 2007

resumO: A água constitui um dos elementos fundamentais para a existência humana, o que é demonstrado 
por seus múltiplos usos, para abastecimento público, industrial, agricultura, pecuária, recreação 
e transporte. No entanto, ao longo dos anos, vêm ocorrendo contaminações por várias fontes que 
têm provocado o comprometimento dos recursos hídricos e aumentado consideravelmente o risco de 
doenças de veiculação hídrica causadas principalmente por bactérias, vírus, protozoários e helmintos. O 
monitoramento sazonal de helmintos é relevante para o entendimento dos processos de contaminação 
ambiental e fornece informações que possibilitam a adoção de medidas para bloquear as vias de acesso 
destes parasitos e de outros patógenos ao homem e aos animais. Este estudo objetivou utilizar técnicas 
parasitológicas para a detecção de helmintos e verificar a qualidade das águas dos principais rios e 
lagos do município de Goiânia, Goiás, Brasil. As amostras foram coletadas mensalmente, de fevereiro de 
2006 a janeiro de 2007 em seis pontos preestabelecidos, totalizando 72 amostras. Destas, 17 (23,61%) 
foram positivas para larvas de vida livre e 2 (2,77%) para Ascaris sp e Hymenolepis diminuta. Este 
estudo mostrou que rios e lagos de Goiânia estão contaminados por ovos e/ou larvas de helmintos.

Palavras-chave: Helmintos, água, veiculação hídrica.

intrOductiOn

A considerable decrease in water 
quality has been observed world-
wide, caused by urban popu-

lation growth at the end of the last century, 
which led to an expressive increase in the 
number of sources of pollution and, conse-
quently, of enteric pathogenic microorganism 
population (Hunter et al., 1994). Due to their 
high clinical manifestation diversity, intestinal 
parasites represent a major problem in public 
health, mainly in countries where sanitation 
conditions are unsatisfactory. Among the fac-
tors contributing to the spread of parasites it 
is worth mentioning fecal contamination of soil 
and water (Ceccheto et al., 2007). Lack of treat-
ment of residual waters brings danger to hu-
man health, since most waterborne diseases are 
related to unavailability of potable water and 
use of contaminated water (Hunter et al., 1994).

Among all pathogens, helminthes are 
enteric parasites often isolated from sanitary 
water that, together with other enteric patho-
gens, are transmitted through the fecal-oral 
route (Toze, 1999). Humans can be definitive, 
intermediate, paratenic, or accidental hosts 
(Slifko et al., 2000). Many helminth species are 
zoonotic, with high prevalence, and difficult 
to control, while some cause emergent or re-
emergent zoonoses, with prevalence in both 
developing and developed countries (Nithiu-
thai et al., 2004).

Every year, 65,000 deaths caused by 
ancylostomide infections are recorded and 
60,000 are associated to A. lumbricoides in-
fections (Vercruysse et al., 2008). Infections 
caused by Schistosoma spp. represent a global 
public health problem that affects over 200 mil-
lion people (McKerrow & Salter, 2002).

In 1978, the Public Health Department of 
the state of California, in the USA, published 
criteria establishing that the sewage treatment 
plant effluents used for irrigation of crops for 
human consumption should present fecal coli-
form count lower than 2.2 CFU.100 mL-1 (Cali-
fornia, 1978). Based on epidemiologic studies, 
in 1989 the World Health Organization pub-
lished recommendations about microbiologi-
cal standards, establishing that wastewater 
used in agriculture and aquaculture should 
present less than 1 egg of enteric nematode 
per 100 mL and fecal coliform count lower 
than 1,000 per 100 mL (WHO, 1989). Recently, 
the World Health Organization published a 
protocol on water and health with the purposes 
of promoting health and quality of life for all 
and showing the importance of this natural 
resource (WHO, 2006).

In Goiânia, the capital of the state of 
Goiás, Brazil, the João Leite river, affluent of 
the Meia Ponte river, is an important source 
of potable water for all the population. 
Nevertheless, it receives a huge discharge of 
urban, agricultural, and industrial effluents 
from Goiânia and the surrounding towns 
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and cities. Taking into consideration that the 
social economic situation and the cultural 
habits interfere in parasite transmission and 
prevalence (Bronfman et al., 1988), monitoring 
these pathogens in the environment has a 
social economic role, because the riverine 
population uses these supplies for several 
purposes and even to drink.

Goiânia also has inumerous lakes, such 
as Vaca Brava Park lake and Bosque dos 
Buritis lake, which offer a number of leisure 
activities for the population in general, but are 
not monitored for the potential presence of 
waterborne pathogens, including helminthes.

The aim of this study was to use parasi-
tologic techniques to analyze the presence of 
helminthes and verify the water quality of the 
main rivers and lakes of Goiânia, Brazil.

materials and methOds

sPatial and temPoral samPle delimitation

Within a period of 12 months (from 
February 2006 to January 2007), water samples 
were collected monthly in sterilized 2-L 
polypropylene carboys from six points in the 
city of Goiânia: Meia Ponte river (n = 24), João 
Leite river (n = 24), Vaca Brava Park lake (n = 
12), Bosque dos Buritis lake (n = 12), resulting 
in a total of 72 samples.

meia Ponte river

In this river, two sites were selected for 
sampling: the first, 1 km after the emission 
of wastewater treated by the municipal 
wastewater treatment plant of Goiânia, located 
at 16°37’40.94”S and 49°16’13.41”W (MP1), 
and the second, located at 16°38’22.39”S and 
49°15’50.68”W (MP2). 

João leite river

In this river, two sites were selected for 
sampling: one located at 16°37’40.18”S and 
49°14’26.08”W (JL1), when this body of water 
reaches Goiânia, and the other located at 
16°19’37.52”S and 49°13’24.53”W (JL2).

vaca Brava Park lake

This park encompasses an area of appro-
ximately 72.7 thousand m2, distributed among 

green areas, walking and jogging tracks, sports 
courts, playground, exercise facilities and an 
artificial lake. The site selected for sampling is 
located at 16°42’31.18”S and 49°16’15.67”W (VB).

Bosque dos Buritis lake

Bosque dos Buritis is an urban park 
encompassing an area of approximately 125 m2 
with three artificial lakes supplied by the Buriti 
stream. The site selected for sampling is located 
at 16°40’58.51”S and 49°15’38.35”W (BB). 

samPling and Processing 

We collected 5 gallons of water in clean 
polyethylene containers from one point in the 
center of the bodies of water approximately 
20 cm under the surface and sent these sam-
ples within 2 h to the Genetics and Molecular 
Diagnostic Laboratory of the Universidade 
Federal de Goiás to undergo parasitologic 
analysis. Helminth larvae and eggs are com-
monly detected in water and sewage by mi-
croscopy (Gaspard and Schwartzbrod, 1995; 
WHO, 1989). Therefore, 500 mL of water were 
divided into two equal  parts, sedimented for 
1 hour, according to the method of Hoffman 
et al. (1934), standardized in APHA/AWWA/
WEF (1998), and exa mined microscopically 
for helminth larvae and eggs by two different 
technologists. No quantitative analysis was 
performed on the positive samples.

statistical analyses

The results obtained in this study were 
digitalized in spreadsheets using Microsoft 
Office Excel 2007 software. Statistical analyses 
were performed using the chi-square test and 
the logistic regression analysis. Statistical 
significance level was set at p < 0.05 using 
the Statistical Package for the Social Sciences 
(SPSS) version 10.0.

results

Among all monitored months, only 
April and July did not show positivity for 
helminth eggs and/or larvae in any of the 
samplings (Table 1). In October, two helminth 
eggs and one Ascaris sp. egg were found at JL2 
and in August, one Hymenolepis diminuta egg 
(Figure 1) was found at MP1.
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Table 2 shows the general distribution 
of samples in the six sites according to the 
presence of helminthes from February 2006 to 
January 2007. The highest frequency of larvae 
positivity was 50% (6/12) at MP1 and all the 
other sampling sites presented results lower 
than that.

Dividing the samples according to 
two periods of the year, the dry (from April 

to September) and rainy (from October to 
March) seasons, it is possible to observe 
that the highest occurrence of helminthes 
happened in the rainy season, with 30.55% 
(11/36) positivity versus 22.22% (8/36) in the 
dry season (p = 0.042) (Figure 2).

During the monitoring of the two 
lakes, just Bosque dos Buritis lake presented 
positivity for helminth occurrence, which 

Figure 1 - Hymenolepis diminuta egg found in water from the Meia Ponte river, Goiânia, Goiás, Brazil, 2006 (X 400).

Table 1 – Occurrence of helminth eggs and/or larvae in the period of environmental monitoring, Goiânia, 
Goiás, Brazil.

Sampling site
Sampling periodicity – from February 2006 to January 2007

Feb Mar Apr May June July Aug Sept Oct Nov Dec Jan

MP1 + + - + + - - + - - + -

MP2 - - - - - - - - + + + -

JL1 - - - - - - - - + - - +

JL2 - - - + + - + + - - + -

VB - - - - - - - - - - - -

BB - - - - - - + - - - - -

(+) presence; (-) absence.
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was very low since just one larva was found 
(August). In the two sites selected for sampling 
in the João Leite river, eight samples were 
positive: two at JL1 and six at JL2.

The highest frequency of helminthes 
(larvae and eggs), according to the month 
of sampling, was 15.78% (3/19), found in 
August, October, and December, compared 
to April and July, when no occurrence of this 
pathogen was recorded (Figure 3). 

The average temperature in the period 
of helminth occurrence was 26.4ºC, while in 
the period showing no occurrence of this 
pathogen, it was 25.5ºC. The logistic regression 
analysis for temperature revealed p = 0.354 
and OR = 0.627 (Table 3).

The average relative humidity in the 
period of helminth occurrence was 49.7%, 
whereas in the period showing no occurrence 
of this pathogen, it was 57.0%. The logistic 
regression analysis for relative humidity 
revealed p = 0.161 and OR = 1.171 (Table 3).

discussiOn

Several studies have shown the impor-
tance of analyses to detect helminth eggs and 
larvae in water (Kozan et al., 2007; Moubarrad 
& Assobhei, 2007; Victorica & Galván, 2003). 
In Brazil, the Ministry of Health established 
the procedures and responsibilities related to 

the control and surveillance of the quality of 
water for human consumption and its pota-
bility standards (Brasil, 2004). Although there 
are available data on waterborne diseases in 
Brazil and the regulations and tests used to 
guarantee the microbiological safety of drin-
king water are considered adequate, there 
is no integration of the governmental health 
plans and programs and the basic sanitation. 
The governmental health programs have been 
limited to merely corrective actions, not prio-
ri tizing prevention strategies and investments 
in basic sanitation, which could at least mini-
mize the spread of enteropathogens and con-
tamination of water supplies.

Nowadays, in Brazil as well as in other 
countries, it has become very common to 
use wastewater for crop irrigation purposes, 
thus enhancing the potential risk of enteric 
nematode disease transmission to humans, 
among which are A. lumbricoides and T. 
trichiura (Ayres et al., 1992), mainly due to the 
prolonged survival of these pathogens in the 
environment (Ghiglietti et al., 1995). The use of 
wastewater in agriculture poses a significant 
risk to human health mainly in tropical 
zones, where high humidity maximizes the 
prevalence of helminthes and other pathogens 
in the environment.

Nevertheless, low occurrence of hel-
minthes was already expected for these lakes 

Figure 2 – Occurrence of helminthes (eggs and larvae) in the dry and rainy seasons, from February 2006 to January 
2007, Goiânia, Goiás, Brazil.
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Figure 3 – Frequency of helminthes (eggs and larvae) in the bodies of water monitored, from February 2006 to 
January 2007, Goiânia, Goiás, Brazil.

Dry season (from October to April)                    Rainy season (from May to September)

because there is no wastewater dumping into 
them. This does not remain true for the other 
two bodies of water sampled, constantly sub-
mitted to degradation processes due to an-
thropic action, such as agriculture, intensive 
livestock production and urbanization (Silva 
et al., 2010). Constant clandestine sewage dis-
charge is evident, mainly in the Meia Ponte 
river, which presents the most severe problems.

JL1 is a site located before Goiânia and, 
consequently, it presents lower level of water 
pollution. As this creek crosses the city, it 
receives clandestine sewage discharges and 

becomes more and more polluted, enhancing 
the chances of pathogenic microorganism 
occur rence. This is patent when analyzing 
the results found for JL2, located in the urban 
perimeter of Goiânia. This fact is highly 
worrying because in both sites (JL1 and JL2) we 
could observe the presence of people collecting 
water for human consumption, children and 
adolescents swimming and playing, and even 
adults fishing.

Among the ten positive samples collected 
in both sites of the Meia Ponte river, seven came 
from MP1, located 1 km after the emission 
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Table 3 – Mean and standard deviation of temperature and relative humidity according to the presence of 
helminthes in the bodies of water sampled from February 2006 to January 2007 in Goiânia, Goiás, Brazil 
(logistic regression analysis).

Helminthes n Mean Standard deviation p OR

-------------------------------------------------------------- Temperature ------------------------------------------------------------

Negative 53 25.5 2.5

Positive 19 26.4 2.4 0.354 0.627

------------------------------------------------------------ Relative humidity -------------------------------------------------------

Negative 53 57.0 16.2

Positive 19 49.7 15.5 0.161 1.171
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of wastewater treated in the municipal 
wastewater treatment plant of Goiânia (still 
being implemented), and three from MP2, 
located after Goiânia. Based on these results it 
can be inferred that the water at MP1 is more 
contaminated with helminthes than at MP2. 
One reason for this might be the low efficiency 
of the municipal wastewater treatment plant 
to remove these pathogens from water. On 
the other hand, the low positivity found at 
MP2 might be a consequence of the natural 
water depuration process as the river crosses 
Goiânia.

Chi-square test result (p = 0.171) shows 
no significant differences in helminth (larvae 
and eggs) distribution according to the sam-
pling site since the same proportion of occur-
rence could be observed among them.

It is important to emphasize that the 
World Health Organization suggests the 
limit of one egg of A. lumbricoides per liter 
of treated wastewater for crop irrigation 
purposes (WHO, 1989). However, along the 
Meia Ponte river, mainly near MP1 and MP2 
sites, there are high population density areas. 
There the riverines, mostly low-income people, 
are not serviced by wastewater treatment 
and sewer collection systems. Therefore, they 
almost always have to collect raw water 
from the Meia Ponte river for various human 
purposes, especially to water vegetables, a 
common practice that was observed during the 
monitoring period in this body of water, where 
one egg of A. lumbricoides was found. Recent 
researches show the same reality in other 
parts of Brazil as well as in other countries all 
over the world, focusing on the prevalence 
and potential risks to human health after 
ingestion of raw vegetables contaminated with 
helminthes and other parasites (Kozan et al., 
2007; Gupta et al., 2009; Silva et al., 2005). This 
can affect not only the riverines, but also any 
other people that consume the vegetables 
grown under these conditions.

Another interesting fact is the influence 
of precipitation on the sampled period. In 
Goiás, there are two well-defined seasons, a dry 
and a rainy one. The dry period lasts for 5 to 6 
months, the highest rain volume is observed 
in spring-summer, and approximately 88% 
of the annual volume of precipitation is 

registered from October to April. Goiânia has 
not gotten a hydrologic profile to es tablish 
precisely the beginning and the end of the 
dry and rainy seasons. For the purposes of 
this study, and based on the data registered 
by the Meteorology and Hydrology System of 
the state of Goiás, it was established that the 
rainy season in the region lasts from October 
to March and the dry season, from April to 
September. 

Applying the chi-square test, a statisti-
cally significant difference was observed for 
the samplings in these two seasons (p = 0.042). 
This finding is supported by recent researches 
in Spain showing increased prevalence of  
Giardia sp cysts and Cryptosporidium sp oocysts 
in the rainy season (Carmena et al., 2007).

Using the logistic regression analysis, 
both for temperature and relative humidity, 
no statistically significant results were found, 
demonstrating that these two parameters did 
not influence the occurrence of the monitored 
helminthes.

Although the analyses carried out in 
this research were qualitative, sample posi-
tivity indicates active contamination. The 
methodology applied to this study proved to 
be a practical low-cost tool. It can be used by 
laboratories to diagnose water parasites when 
they do not have the financial conditions to 
perform analyses using the membrane filter 
methods, which are expensive and difficult to 
purchase (APHA, 1992).

This is the first study in the state of Goiás 
to detect helminthes in this water bodies and 
it pointed to the existence of conditions that 
favor the occurrence of diarrhea episodes 
among the population of Goiânia, mainly 
children and elderly people, who do not have 
a very active immune system. Immediate 
intervention measures should be taken by 
decision makers, since the bodies of water 
sampled represent a real risk to the population 
that directly or indirectly has contact with 
them. The State must care for population well-
being, a right ensured by the Brazilian Federal 
Constitution (Brasil, 1988).

cOnclusiOns

In this study it was possible to conclude 
that: 
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1. The rivers and lakes of Goiânia are 
contaminated by eggs of helminthes such 
as Ascaris sp. and Hymenolepis diminuta and 
larvae of helminthes;

2. The seasonal environmental monitoring 
revealed that the highest number of contami-
nated samples occurred in the rainy season;

3. The methodology used for the detec-
tion of eggs and/or larvae of helminthes is ef-
ficient, easy to process, and has low cost;

4. Clandestine sewage discharges and 
lack of basic sanitary conditions were evident, 
enhancing the chances of the population that 
lives near the courses of water to acquire 
waterborne diseases.

recOmmendatiOns

There is the need to regularly biomonitor 
the quality of water of the rivers and lakes 
studied due to the imminent risk of increased 
frequency of cases of helminth infection as 
well as the possibility of occurrence of new 
pathological agents. 

The residues generated by the municipal 
wastewater treatment plant of Goiânia must 
be rigidly controlled as to contamination since 
they can be used in agriculture as fertili zers.

references

APHA. American Public Health Association. 
1992. Standard methods for the exami-
nation of water and wastewater. 15 ed. 
Washington, DC.

APHA/AWWA/WEF. 1998. Standard methods 
for the examination of water and waste-
water. 20th ed. American Public Health 
Association/American Water Works As-
sociation/Water Environment Federa-
tion, Washington, DC.

Ayres, R. M., R. Stott, D. D. Mara & D. L. Lee. 
1992. Wastewater reuse in agriculture and 
the risk of intestinal nematode infection. 
Parasitol. Today 8: 32–35.

Brasil. 1988. Constituição da República Fede-
rativa do Brasil (1988). Diário Oficial 
da União, Brasília-DF, 15 out. Available 
at: <http://www.trt02.gov.br/geral/
tribunal2/legis/CF88/CF88_Ind.html>.

Brasil. 2004. Portaria nº 518/GM em 25 de 
março de 2004. Estabelece os procedi-
mentos e responsabilidades relativos ao 
controle e vigilância da qualidade da 
água para consumo humano e seu padrão 
de potabilidade, e dá outras providên-
cias. Diário Oficial da União, Brasília-
DF, 25 mar. 2004. Available at: <http://
dtr2001.saude.gov.br/sas/PORTARIAS/
Port2004/GM/GM-518.htm>.

Bronfman, M., H. Guiscafré, V. Castro, R. 
Castro & G. Gutiérrez. 1988. Estrategias 
para majorar los patrones terapeuticos 
utilizados en diarrea aguda en unidades 
de atencion medica primaria. II. La me-
dición de la desigualdad: una estrategia 
metodológica, análisis de las característi-
cas socioeconómicas de la muestra. Arch. 
Invest. Méd. 19: 351–360.

California. 1978. Department of Health Ser-
vices. Sanitary Engineering Section. 
Wastewater reclamation criteria: an ex-
cerpt from the California Administrative 
Code, title 22, division 4. Department of 
Health Services, Berkeley.

Carmena, D., X. Aguinagalde, C. Zigorraga, 
J. C. Fernández-Crespo & J. A. Ocio. 
2007. Presence of Giardia cysts and Cryp-
tosporidium oocysts in drinking water 
supplies in northern Spain. J. Appl. Mi-
crobiol. 102: 619–629.

Ceccheto, FH, García-Zapata, MTA, Araújo, 
BJL, Souza, ESJr, Faria MM, Oliveira FB 
& Oliveira GB. 2007. Investigación micro-
epidemiológica de Strongyloides stercoralis 
en ambientes domiciliarios de pacientes 
in fectados con el Virus de la Inmunode-
ficiencia Humana. Neotrop. Helminthol. 
1: 31-36.

Gaspard, P. G. & J. Schwartzbrod. 1995. Hel-
minth eggs in wastewater: quantification 
technique. Water Sci. Technol. 31: 443–
446.

Ghiglietti, R., P. Rossi, M. Ramsan & A. Co-
lombi. 1995. Viability of Ascaris suum, As-
caris lumbricoides and Trichuris muris eggs 
to alkaline pH and different tempera-
tures. Parasitologia 37: 229–232.



72

Gupta, N., Khan, D. K. & Santra, S. C. 2009. 
Prevalence of intestinal helminth eggs on 
vegetables grown in wastewater-irrigated 
areas of Titagarh, West Bengal, India. 
Food Control, 20: 942-945.

Hoffman, W. A., J. A. Pons & J. L. Janer. 1934. 
The sedimentation-concentration method 
in schistosomiasis mansoni. Puerto Rico 
J. Public Health Trop. Med. 9: 281–298.

Hunter, J. M., L. Rey, K. Y. Chu & K. E. 
Mott. 1994. Enfermedades parasitarias y 
desarrollo hidraulico: necesidad de una 
negociación intersectorial. Organización 
Mundial de la Salud, Ginebra.

Kozan, E., F. Sevimli, M. Köse, M. Eser & H. 
Çiçek. 2007. Examination of helminth 
contaminated wastewaters used for agri-
cultural purposes in Afyonkarahisar. 
Türkiye Parazitol. Derg. 31: 197–200.

McKerrow, J. H. & J. Salter. 2002. Invasion 
of skin by Schistosoma cercariae. Trends 
Parasitol. 18: 193–194.

Moubarrad, F. Z. L. & O. Assobhei. 2007. 
Health risks of raw sewage with particular 
reference to Ascaris in the discharge zone 
of El Jadida (Morocco). Desalination 215: 
120–126.

Nithiuthai, S., M. T. Anantaphruti, J. Waika-
gul & A. Gajadhar. 2004. Waterborne 
zoonotic helminthiases. Vet. Parasitol. 
126: 167–193.

Silva, C. G. M. da, S. A. C. Andrade & T. 
L. M. Stamford. 2005. Ocorrência de 
Cryptos poridium spp. e outros parasitas 
em hortaliças consumidas in natura, no 
Recife. Ciênc. Saúde Colet. 10: 63–69.

Silva, H. D., Wosnjuk, L. A. C., Santos, S. F. O., 
Vilanova-Costa, C. A. S. T., Pereira, F. C., 
Silveira-Lacerda, E. P., Garcíazapata, M. 
T. A., Anunciação, C. E. 2010. Molecular 
detection of adenoviruses in lakes and 
rivers of Goiânia, Goiás, Brazil. Food 
Environ. 2: 35-40.

Slifko, T. R., H. V. Smith & J. B. Rose. 2000. 
Emerging parasite zoonoses associated 
with water and food. Int. J. Parasitol. 30: 
1379–1393.

Toze, S. 1999. PCR and the detection of micro-
bial pathogens in water and wastewaters. 
Water Res. 33: 3545-3556.

Vercruysse, J., M. Albonico, J. Behnke, 
A. Kotze, J. McCarthy, R. Prichard, 
G. von Samson-Himmelstjerna, 
D. Engels & A. Montresor. 2008. 
Monitoring anthelmintic efficacy for 
soil transmitted helminths (STH). World 
Health Organization, Geneva. Available 
at: <http://www.who.int/neglected_
diseases/preventive_chemotherapy/
Chemotherapy_anthelminthic_drug_
WHO_WB_final.pdf>.

Victorica, J. & M. Galván. 2003. Preliminary 
testing of a rapid coupled methodology 
for quantitation/viability determination 
of helminth eggs in raw and treated 
wastewater. Water Res. 37: 1278–1287.

WHO. World Health Organization. 
1989. Health guidelines for the use 
of wastewater in agriculture and 
aquaculture: report of a WHO scientific 
group. Tech. Rep. Series, 778.

WHO. World Health Organization. 2006. The 
protocol on water and health: making a 
difference. Geneva. Available at: <http://
www.euro.who.int/document/wsn/
WaterProtocol_2006upd_web.pdf>.

Recebido em 9.IV.2009 
Aceito em 17.XII.2009


