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INTRODUCTION

The image of famine and malnutition glue Africa. In-
deed, some Sub-Saharan African countries with certain
difficulties in food production are obliged to import com-
modities such as rice and other foodstuffs[1-3]. Burkina
Faso is not immune to this kind of situation. Moreover,
the country is experiencing cyclic food crises with cli-
mate hazards, poverty and conflict as main causes.

Despite efforts over many years to curb hunger and
malnutrition, we must recognize that food insecurity is
still a daily reality in Burkina Faso. Nearly half the popu-
lation (46.4%) live below the absolute poverty and do
not get to meet their basic needs. This is certainly food
insecurity in the country but especially in town where all
the food must be purchased. In fact, the low purchas-
ing power, unemployment and underemployment are at
the origin of food insecurity. Because of this situation,
an significant segment of the population invent new so-
lutions in order to survivel. It is there, that urban agri-
culture has been developed with gardening as the main
activity in most West Africa cities[4-6]. For example in
Ouagadougou approximately 40,000 people pratice this
activity for their livelihood[5-7].

The practice of urban gardening still knows many
constraints. In addition of land insecurity problems, land

degradation, the gardeners of Ouagadougou, unlike their
counterparts in Bamako, Cotonou, Abidjan, face a
problem of water scarcity[4]. It should be noted that it is
weak in terms of the availability of resources stored
and distributed as the major constraint arises.

In response at this situation, many dams have been
built. Indeed, to sixtie kilometer around Ouagadougou,
there was only one hydro-agricultural site built in 1960,
four in 1975, twenty today[7]. But it is clear that despite
these developments, wastewater reuse is palliative
trendy among urban gardeners[5,6,8]. The sanitary risks
arising from such practices are far from negligible[9,10].

Indeed, despite the fact that these waters are a po-
tential fertilizers (nitrogen and phosphate materials), their
levels of heavy metals and pathogens, are nevertheless
risks of contamination of soil, groundwater, plant and
risk health for humans and animals[11-13].

This work aims to study the microbiological and
parasitological quality of irrigation water of vegetables
in Ouagadougou.

MATERIALS AND METHODS

Study area and period

The study took place in Ouagadougou the capital
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city of Burkina Faso (12°22�N, 1°31�W). This city is

situated in a Sudanese savannah zone with low and highly
variable rainfall. There is one rainy season. During the
dry season, and particularly from January to March,
the climate is very dry and dusty resulting from the Har-

mattan. In Ouagadouggou city, there are several dams
that are used for gardening. These reservoirs are fed by
rainwater and wastewater from the city. Ouagadougou
is subdivided in 12 districts. The sampling was carried
out in 09 of these districts. In total 24 gardening sites

Map 1 :  Map of Ouagadougou showing the vegetable production sites

were visited for the collection of water samples. These
sites are shown on the Map 1.

The present survey was conducted from February
to June 2013 and had two stages. Firstly, the localiza-
tion and characterization of vegetable gardens of
Ouagadougou were carried out and then the vegetables
irrigation water was analysis.

Location and characterization of vegetable garden
sites

In cross-sectional surveys, market gardening sites
were georeferenced. Information such as the nature of
the site, the number of growers on the site, the type of
irrigation water, use of pesticides and speculation pro-
duced were reported.

Samples collection

Samples for bacteriological analysis were collected
using a borosilicate glass bottle with a capacity of 500

ml. These flasks were previously sterilized at 120°C

and subjected to a pressure of 120 kg/cm2 for 30 min-
utes. Collected samples were labeled, stored in a re-
frigerated cooler and transported immediately to the
laboratory for examination. A total of 69 water samples
coming from dams (04), ditches, drainage channels rain-
water and wastewater (06) and wells (59), were col-
lected on all the 24 points where there are vegetable
crops.

For parasitological analysis, 56 samples of 5 liters
each were collected randomly between 8 am and 11
am in sterile plastic containers on all sites of the city.
The samples were kept in a refrigerated cooler and
transported to the laboratory for analysis. It should be
noted that the volume of water withdrawn was deter-
mined in agreement with the findings of the study con-
ducted by Schwartzbord and al.[14]. The frequency of
this sampling was a gathering session per week.
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Samples processing

Bacteriological analysis

Fecal coliform (FC), total coliforms (TC) and Fecal
Enterococci (EF) were quantified in this study. These
indicators were counted by the method of filtration through
a membrane filter with a 0.45 µm pore diameter for lightly

laden water (well water or wells, dam etc.) and by the
agar incorporation technique for wastewater and treated
wastewater. Fecal coliform (FC) and total coliforms (TC)
were cultured on agar Chromocult coliform. This culture
medium was incubated at 37°C for FC and 44°C for

TC during 24 hours. For Fecal Enterococci (EF), the
culture medium was carried out on Bile Esculine Azide
(BEA) after incubation at 37°C for 24 hours.

Parasites quantification

In the laboratory, water samples were sieved poured
into trays and allowed to settle overnight[15]. The residue
settling, or base, was used after concentration for quali-
tative and quantitative analysis. Parasite concentraction
was done by using modified Bailenger method as rec-
ommended by World Health Organization[16]. Briefly, af-
ter centrifugation of an aliquote of 1.5 ml of water sample
in an acetoacetic buffer and ether, the pellet obtained
was added to a solution of zinc sulfate to 33% (density =
1.18) to allow the eggs to adhere to the Mac Master cell
and facilitate their counting under microscope. We modi-
fied this protocol by removing the ether to not affect the
viability of parasitic elements that may be in the samples.
The slides were readed using x10 and x40 objective
under light microscope. Parasites were identified by the
morphological structures of their cysts, ova or larvae when
focused under the microscope. The viability of parasitic
elements was determined with safranin according to De
Victorica and al.[17] method. Eggs and oo/cysts that ab-
sorbed the dye are considered viable.

The total number of parasites per liter of water
sample (N) was calculated using the Formula :
N = A. X / P. V,

with A = number of parasites counted on the Mac Master
slide; X = volume of the final product (ml) and P = Mac
Master room capacity (0.3 ml)

RESULTS

Market gardening sites characteristics

Five thousand three hundred and ten market gar-

Figure 1 : Distribution of vegetable growers depending of
type of irrigation water

deners (5310) share these sites. The most popular sites
are: Boulmiougou, Tanghuin, Kossodo. All the sites
listed are permanent. Speculation produced are diverse
and vary from one site to another. In addition, as shown
in Figure 1, the water used for irrigation of these specu-
lations on vegetable sites are composed mainly of wa-
ter of wells (66.4%), water of dam (21.8%), wastewa-
ter (0, 7%), drilling (2%), treated wastewater (0.7%).
Moreover, on all sites, organic manure (composed of
animal waste and plant debris) and chemical fertilizers
(urea, NPK) are by far the most fertilizers used.

As a reminder, the physico-chemical parameters
measured were temperature and pH. To evaluate them,
we used the average. Thus, the average temperature of
the irrigation water of vegetable crops in the city of
Ouagadougou was 29.78°C, with a maximum of

31.73°C. The average pH was 8.23 with a maximum

of 10.6 and 5.6 minima. It is noted that the temperature
and pH of wastewater (raw or processed) used for
irrigated crops remained in the same range.

Bacterial load characterization

The results of the weekly analyzes of irrigation wa-
ter of vegetable crops at Ouagadougou reveal the pres-
ence of indicators of fecal contamination. Indeed,
66.7% (46/69) of the water samples analyzed, countain
Fecal coliforms (FC),, total coliforms (TC). As shown
on the Map2, Fecal coliforms were the most preva-
lent bacteria, followed by Enteroccus and Escheri-
chia coli. The concentrations vary between 10/100
ml and 3.860/100 ml for FC, between 11/100 ml and
13 / 100 ml for Escherichia coli, and 12/100 ml to
2380   / 100 ml for Fecal Enterococci (EF). These
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concentration of FC, TC and EF are more important
in the irrigation water of vegetable sites of Wayalgin
(1543/100 ml of FC and 619 /100 ml of EF), fol-
lowed by Kossodo (500/100 ml of FC and 30/100
ml of EF) and Boulmiougou (450/100ml of FC and
40/100ml of EF) where irrigation water are raw waste-
water, treated wastewater and well water respectively
Map 2.

Parasitological load characterization

Parasitological analyzes of irrigation water of veg-
etable crops in the city helped highlight eggs from two
groups of helminth parasites: nematodes and cestodes
and protozoan cysts of coccidia class. Identified spe-
cies were respectively Ascaris lumbricoides (6 eggs /

L), Ancylostoma duodenalis (7 eggs / L), Taeniasis
spp. (27 eggs / L) and Hymenolepus nana (7 eggs /
L), for helminths and Entamoeba histolytica (4 cysts /
L) for protozoa. TABLE 1. No representative of the
group of trematodes were found in the samples ana-
lyzed.

It should be noted that only 20% of eggs and cysts
was viable.

The distribution of these parasites was represented
on Map 3. As shown by the distribution map, all types
of irrigation water are contaminated with parasites.
Wastewater were carried more parasitic species than
others. Indeed the 5 parasitic species harvested, 4 are
present in the wastewater. Also, for a kind of parasite
the number of eggs collected is higher than in other types.

Map 2 : Map showing the microbiological contamination level of water irrigation used for vetegetabes production  in
Ouagadougou

TABLE 1 : Helminths and protozoa parasites in irrigation water in vegetable crops in Ouagadougou

  parasitic species Number of 
eggs / cysts 

Waste water Treated 
Waste water 

Well 
water 

Dam water 

Ascaris lombricoïdes 6 eggs/ L + - + + 
Nematodes 

Ankylostoma duodenalis 6 eggs/L + - - - 

 Hymenolepus nana 7 eggs/L - + - - Helminths 

Cestodes Taenias Spp. 27 eggs/L + + - 
+ 
 

Protozoans Coccidian Entamoeba histolytica 4 cysts/L - + - + 
+ : presence; - : abscence
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The parasite species tapeworms spp. illustrates this. Of
the 27 eggs of tapeworms spp collected a total of 20
eggs were from sewage against 5 and 2 wells and dam
water respectively.

DISCUSSION

Geographical surveys found 24 locations in the city,
spread over 14 sectors, where vegetables were seen in
the dry season. This is less than the number inventoried
by Cisse and al.[18] which had listed 32 in the same
season. Water resources used are well water, dams
water and channels water. These results are in agree-
ment with those report by Cisse et al.[18], but are con-
trary to those reported by Koné and al.[19] as to the
amount wastewater used and surfaces irrigated by these
water.

It know that water is an important resource that
supports life of all living organisms and is used for dif-
ferent purposes including drinking, and vegetables cul-
tivation. Polluted water is an important vehicule for bio-
logical agents[20] that can be transmitted by direct con-
tact and/or indirectly through consumption of crops ir-
rigated[21]. Their recovery in water used as the source
of contamination, may be helpful in indicating the inci-

dence of intestinal and skin disease[22] among a com-
munity. The survey of irrigation water of vegetables
found concentration of microorganisms composed by
bacterial and parasites. except wastewater, bacterial
pollution levels recorded are below recommended by
WHO for unrestricted irrigation of vegetable crops
thresholds.

As regards the parasitological characterization of
irrigation water for vegetable crops in Ouagadougou,
the type of parasites is varied. Unlike previous work in
the same context[18] it is composed of helminths and
protozoan. This could be explained by the greater num-
ber of sites involved in sampling the one hand, and the
method of quantification of parasites used on the other.
Even if we agree to say that there is no standard method
for sampling and detection of helminths and protozoans
in environmental matrices[23-25], it remains that several
authors have demonstrated that the method was modi-
fied Bailenger most effective[16,26]. Indeed, this easy
method of application not only allows quantification of
helminths but also protozoa. This is not the case for the
SAF (Soduim acetate- Acetic acid - Formalin) con-
centration technique which mainly focuses on the de-
tection of helminthes[27]. In addition, qualitative analysis
identified two groups of helminths in the samples: Nema-

Map 3 : Map showing the parasitological contamination level of irrigation water used for vegetables production in Ouagadougou
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todes and Cestodes. This is in agreement with obser-
vations made by Cisse and al.[28], with a slight pre-
dominance of nematodes. This difference is related to
the intrinsic resistance of helminths belong nematodes
class to environmental conditions. Indeed,
Schwartzbrod and al.[29]; Ben Ayed and al.[30] reported
that the eggs of the nematodes class are more resistant
than the Cestodes class in waters. Furthermore, no rep-
resentative of the class of trematodes were encoun-
tered during the study. This observation is in agreement
with the assertion of Jimenez[31] which stated that only
nematodes and cestodes had significant health in as-
sessing the parasitological water quality in general and
in particular wastewater.

Finally, our study shows that although all types of
irrigation water of vegetable crops were polluted, the
parasitic load is higher in wastewater than other types.
This support the several epidemiological studies around
the world which have revealed an excess of parasitic
infestations associated with raw wastewater reuse in
irrigation[21,22].

CONCLUSION

Analysis of the types of water irrigation use on veg-
etable sites Ouagadougou shows that all types of wa-
ter, even well water present parasitological and bacte-
riological pollution. While, except wastwater, bacterial
pollution levels recorded are below recommended by
WHO for unrestricted irrigation of vegetable crops
thresholds, this is not about the parasitological contami-
nation. This is particularly worrying for raw and treated
wastewater which have higher levels of pollution. They
prove in fact more dangerous for the health of growers
who use them daily heath.

ACKNOWLEDGEMENTS

The authors would like to express profound grati-
tude to IFS, USAID, CNRST/IRSS, Université de

Ouagadougou, Fondation 2iE, for financial and techni-
cal supports.

COMPETING INTERESTS

Authors have declared that no competing intersts
exist

REFERENCES

[1] C.Schilter; L�agriculture urbaine à Lomé, in

L�agriculture urbaine à Lomé, K.-. I.U.E.D., Edi-

tor, (1991).
[2] P.Moustier, A.S.Fall; Les dynamiques de

l�agriculture urbaine : caractérisation et évaluation.,

in Développement durable de l�agriculture urbaine

en Afrique francophone : Enjeux, concepts et
méthodes, CIRAD, Editor, 24-43 (2004).

[3] B.Barbier et al.; L�agriculture irriguée dans le sahel

ouest-africain. Cahier Agriculture, 20, (2011).
[4] N.F.Diop Gueye, S.Seck Wone, M.Sy, (Eds); Agri-

culture dans les villes Ouest africaines : Enjeux
fonciers et accès à l�eau. Karthala ed., (2009).

[5] G.Cissé; Impact sanitaire de l�utilisation d�eaux

polluées en agriculture urbaine. Cas du maraîchage

à Ouagadougou (Burkina Faso), in Département de

génie rural. Ecole polytechnique Fédérale de

Lausanne, 446 (1997).
[6] F.Assogba-Komlan et al.; Pratiques culturales et

teneur en éléments anti nutritionnels (nitrates et pes-

ticides) du Solanum macrocarpum au sud du Bénin.

African Journal of Food Agriculture Nutrition and
Development, 7(4), (2007).

[7] P.Pélissier; Les interactions rurales   urbaines en
Afrique de l�Ouest et Centrale. Bulletin de l�APAD

19, (2000).
[8] M.Sou; Recyclage des eaux usées en irrigation :

potentiel fertilisant, risques sanitaires et impacts sur
la qualité des sols., in Faculté Environnement

Naturel, Architectural et Construit. École

Polytechnique Fédérale de Lausanne: Laussane, 178

(2009).
[9] L.Parrot; Agricultures et développement urbain en

Afrique subsaharienne.Environnement et enjeux
sanitaires Harmattan ed., 201 (2008).

[10] A.Abdelqader, M.Gauly, C.B.A.Wollny; Response
of two breeds of chickens to Ascaridia galli infec-
tions from two geographic sources. Veterinary Para-
sitology, 145(1�2), 176-180 (2007).

[11] B.U, P.A, (Eds); Critical Rewiew of Epidemiologi-
cal Evidence of the health Effects of Wastewater
and Excreta Use in agriculture. Unpublished docu-
ment prepared for WHO (available upon resquest,)
Geneva, (2002).

[12] M.A.S.de Wit et al.; Sensor, a Population-based
Cohort Study on Gastroenteritis in the Netherlands:
Incidence and Etiology. American Journal of Epi-
demiology, 154(7), 666-674 (2001).

[13] A.Alum, J.R.Rubino, M.K.Ijaz; The global war



.110 Microbiology and parasitology assessement of irrigation water used

Regular Paper
RRBS, 9(3) 2014

against intestinal parasites�should we use a holis-

tic approach? International Journal of Infectious
Diseases, 14(9), e732-e738 (2010).

[14] J.Schwartzbord, S.Straus; Devenir des kystes de
Giardia au cours d�un cycle d�épuration T.S.M., 6,
331-334 (1989).

[15] I.Sylla, D.Belghyti; Analyse parasitologique des eaux
usées brutes de la ville de Sidi Yahia du Gharb

(Maroc). World Journal of Biological Research,
001(2), 9 (2008).

[16] O.M.S; Analyse des eaux résiduaires en vue de

leur recyclage en agriculture. Manuel des tech-
niques de laboratoire en parasitologie et
bactériologie. O.M.S: Genève, 31 (1997).

[17] J.de Victorica, M.Galván; Preliminary testing of a

rapid coupled methodology for quantitation/viability
determination of helminth eggs in raw and treated
wastewater. Water Research, 37(6), 1278-1287
(2003).

[18] G.Cissé et al.; Utilisation d�un GPS et d�un logiciel

de SIG pour évaluer les variations saisonnières des

superficies exploitées des sites de maraîchage dans

le tissu urbain de Ouagadougou. Science et
changements planétaires / Sécheresse, 10(2),
(1999).

[19] D.Koné et al.; Helminth eggs inactivation efficiency

by faecal sludge dewatering and co-composting in
tropical climates. Water Reseach, 41, 4397-4402
(2007).

[20] M.A.S.Lobna, Y.F.Metawea; Detection of some
water borne zoonotic Pathogens in untreated ground
water and its impact on human and animal Health
in Kalyoubia Province (Rural Areas). Global
Veterinaria, 10(6), 6 (2013).

[21] K.E.Hajjami, S.Fouad, N.C.Oubrim; Wastewater
Reuse for Irrigation in Morocco: Helminth Eggs
contamination�s level of irrigated crops and sani-

tary risk (A case study of Settat and Soualem Re-
gions). Bacteriology & Parasitology, 4(1), 5 (2013).

[22] A.B.Weldesilassie et al.; Wastewater use in crop
production in peri-urban areas of Addis Ababa: im-
pacts on health in farm households. Environment
and Development Economics, 16(01), 25-49
(2011).

[23] N.Cook et al.; Towards standard methods for the
detection of Cryptosporidium parvum on lettuce and
raspberries. Part 1: Development and optimization
of methods. International Journal of Food Microbi-
ology, 109(3), 215-221 (2006).

[24] N.Cook et al; Chapter 17 - Lessons Learned in
Development and Application of Detection Meth-
ods for Zoonotic Foodborne Protozoa on Lettuce
and Fresh Fruit, in Global Issues in Food Science
and Technology, B.C.Gustavo et al., (Eds); Aca-
demic Press: San Diego, 263-291 (2009).

[25] H.V.Smith, R.A.B.Nichols; Cryptosporidium: De-
tection in water and food. Experimental Parasitol-
ogy, 124(1), 61-79 (2010).

[26] N.A.C.Zamo et al.; Analyse parasitologique des
eaux usées brutes d�un effluent urbain de « la Ville

Haute, (commune de Mâamora, Kénitra,

Maroc).Cahiers d�études et de recherches

francophones / Santé, 13(4), (2003).
[27] T.Chhakda et al.; Intestinal parasites in school-aged

children in villages bordring Tonle Sap lake, Cam-
bodia. Southeast Asian J.Trop.Med.Public.Health,
37(5), 5 (2006).

[28] G.Cissé et al.; Développement du maraîchage autour

des eaux de barrage à Ouagadougou : Quels sont

les risques sanitaires à prendre en compte ? Cahiers

Agriculture, 11, (2002).
[29] P.G.Gaspard, J.Schwartzbord; Parasite contamina-

tion (helminth eggs) in sludge treatment plants: defi-
nition of sampling strategy. Int.J.Hyg.Environ.Health,
206, 117-122 (2003).

[30] L.Ben Ayed et al.; Presence of parasitic protozoa
and helminth in sewage and efficiency of sewage
treatment in Tunisia. Parasitology Research, 105(2),
393-406 (2009).

[31] B.Jimenez; Helminth ova removal from wastewa-
ter for agriculture and aquaculture reuse. Water Sci-
ence & Technology, 55(1-2), 485�493 (2007).


