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v Moroccc; detected: Giardia lamblia, Entamoeba histolytica, Entamoeba coli, Blastocystis hominis,

Ascaris lumbricoides, Trichuris trichiura, Ancylostoma diudinal, Capillaria sp Toxocara
canis, Enterobius vermicularis, Taenia saginata, Hymenolepis nana and Hymenolepis
diminuta. The results obtained reveal a high parasite contamination of the watercourse,
which could have negative effects on the quality of the environment in general and on
human and animal health in particular.
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1. Introduction

Demographic, economic and climatic constraints lead to an increase in the demand for water, which
causes a great pressure on the surface water. Yet the surface waters has also polluted by industrial,
domestic and agricultural waste. In Morocco wastewater is used as an important resource for agriculture
that suffers from water deficit [1-2]. Without prior control, these effluents pose such a significant threat
to the environment, human and animal health [3-4]. According to WHO, serious health problems has
caused by waterborne diseases [5]. In the region of Meknes, wastewater has discharged without prior
treatment into the watercourses crossing the city (Ouislane wadi, Boufakrane wadi and Bouishak wadi).
As a result, these rivers has considered as open sewers through urban and peri-urban areas of the city.
The reuse of these raw or mixed effluents in irrigation is a real practice. Previous studies have examined
the impact of liquid effluents on the water quality of these rivers [6-7-8].

The choice of the Bouishak valley lies in the fact that it constitutes an extreme case since the raw
sewage represents 93% of the water used for irrigation [9]. The bed of the Bouishak wadi drains
wastewater from densely populated areas (Hay ElI Mansour, Kamilia and Toulal). Agriculture is mainly
oriented towards market gardening and arboriculture. In the current state of knowledge, no
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parasitological study has carried out. The objective of this study is to evaluate the diversity and
abundance of the forms of dissemination of Helminths and Protozoa that are present in the waters of the
Bouishak wadi and to elucidate the health risk emanating from these parasites. To do this, spatio-
temporal monitoring of the parasitological quality of sewage discharged into the Bouishak wadi has
carried out.

2. Material and Methods
2.1. Study are

The city of Meknes is located in the northern part of Morocco. It occupies an area of about 79210 km?2.
The study area belongs to the Fez-Meknes region according to the new 2015 administrative division
(Figure 1). It is the second city of the plain of Sais, after the city of Fez. This area has characterized by
geological diversity consisting of hard lake limestones and tawny sands. The climate is Mediterranean,
with an average rainfall of 660 mm / year [10]. According to the 2014 General Census of Population and
Housing [11], the population of the city of Meknes is in the order of 835,695 inhabitants against 715,284
in 2004. As a result, the average annual growth rate reached 1.6% for the period 2004-2014.
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Figure 1: Geographical location of the study area

2.2. Sampling and analysis methods
For a more representative sampling of the watercourse, we have chosen three stations on the Bouishak

Wadi bed (Figure 2): Station B1 is located upstream of watercourses in a zone of great anthropogenic
influence (domestic, industrial and agricultural), stations B2 and B3 are located downstream of the
agglomeration of Meknes (Tablel). Monthly samples were taken between 10 am and 11 am, when the
parasite load is closely related to human activity [12-13- 14], during a period from January to December
2017. A chaque station, un échantillon de 1 litre d'eaux usées a été prélevé et conservé en ajoutant du
formol, 10% (2 ml / | d'eaux usées) étiqueté et transporté dans un refroidisseur (a une température de +
4 ° C) au laboratoire d'hydrobiologie a la faculté des sciences de Meknes.
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Tablel: Characteristics of the different sampling sites

Lambert Contact Information
Stations Types of Altitude
pollution Latitude Longitude
(meters)
Domestic,
Bl agricultural and | 482120,6 364713,8 488
Bouishak industrial
watercourse Domestic,
B2 agricultural and | 482205,4 365004,53 481
industrial
B3 Domesticand | o007 5 365900,2 458
industrial
s\’"“":., L
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Figure 2: Location of the study stations

The evaluation of the parasite load was determined by two techniques: modified Bailenger concentration
technique strongly recommended by [15] and Faust technique (flotation method with zinc sulphate
solution (33%, density, d = 1,18) [16]. Egg identification has done using the WHO protocol (2004), the
diagnostic manual for verminosis by coprology examination [17] and the manual of medical parasitology
by Viviane GUILLAUME [18]. The criteria used for the identification of parasites are essentially: the
size, shape, thickness of the shell, the presence or absence of polar plugs and a larva inside the egg.
Quantification has done using a Mac Master slide under a light microscope. The total number per liter
of Helminth eggs and protozoan cysts present in the wastewater sample is calculated using formula (1):

N=X/PxV/S(1)

With: N = number of eggs per liter of sample

A = number of eggs counted on the McMaster blade or average

number of eggs found in three blades
X = volume of the final product (ml)
P = McMaster Blade Capacity (0.3 ml)
V = volume of the initial sample (1 liter).
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3. Results and discussion

The results of parasitological analysis of wastewater from Bouishak wadi reveal a significant specific
diversity of parasitic species. This is in agreement with other works [19-20].
This diversity made it possible to highlight the presence of thirteen parasite taxa (Table 2). Protozoan

cysts (amoebae and intestinal flagellates) and Helminth eggs has divided into two classes:
NEMATODES and CESTODES. The NEMATODES class is the most diversified with six taxa, a
prevalence of 46% (Table 2) (Figure 3).The eggs of represent it: Ascaris lumbricoides, Capillaria sp,
Trichuris trichiura, Ancylostoma diudinal, Enterobius vermicularis, and Toxocara canis. On the other
hand, the class of CESTODES has a prevalence of 23% (3 taxa); the species collected are Hyminolipis
nana, Hyminolipis diminuta, and Taenia saginata. The group of protozoa has represented by four taxa
(31%): Giardia lamblia, Entamoeba histolytica, Entamoeba coli and Blastocystis hominis. It has noted
that in all wastewater samples from different stations, protozoan cysts on helminth eggs are prominently
predominant, consistent with previous work [20-21] (Figure 4). The number of Protozoan cysts is
relatively high, ranging from 6.49 10° cysts / L (station B3) to 12.97 105 cysts / L (station B1), while
station B2 contains 9.62 10° cysts / L.

Table2: Inventory of the different species encountered in the urban wastewater of Bouishak collector.

Splitter Classes Species
Nematodes Ascaris lumbricoides
Trichuris trichiura
Capillaria sp
Toxocara canis
Helminth Enterobius vermicularis
Ancylostoma diudinal
Cestodes Hyminolipis nana
Hyminolipis diminuta
Taenia saginata
Flagellated Giardia lamblia,
Amoebas Entamoeba coli
Entamoeba histolytica
Blastocystis hominis

Protozoan

Figure 3: Frequency of occurrence of parasite groups
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The parasite load of the Helminth classes ranges from 1930 to 2651 eggs / L. The highest strength has
recorded at station B1 while the lowest has obtained at station B3. Helminthes collected in Station B2
are in the order of 2314 eggs / L. On the other hand, the Helminths identified has characterized by the
predominance of nematodes with a frequency of 66% against 34% for the Cestodes (Figure 5). Our
results are consistent with other work done in Morocco, Tunisia and France [21-22-23-24]. This unequal
distribution of Nematodes with respect to Cestodes has explained by the fact that the first class is the
most resistant in wastewater [21-25-26-27].
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Figure 4: Distribution of parasites in the waters of Bouishak wadi

Figure 5: Frequency of occurrence of Helminth parasite classes

The high parasite load has detected at station B1. We has observed a decreasing slope from upstream
(B1) to downstream (B3). This could explained by the fact that the B1 collector drains all domestic
wastewater from a large agglomeration (Mansour, Camilia and Toulal) and the wastewater from the B2
collector is used by pumping for irrigation of the surrounding land, which has an impact on the parasitic
load, noted low, at the B3 station (Figure 6). Within the Nematode class, Ascaris lumbricoides is the
most dominant species in all stations (B1, B2 and B3) with an average concentration of about 114 eggs
/ L (Figure 6). Qualitatively, our results has corroborated with other works, this preponderance being
due to the strong resistance of this kind to environmental conditions [28-29]. On the other hand, the
presence of intestinal nematodes and particularly Ascaris lumbricoides and Trichuris triciura in
wastewater intended for irrigation constitutes a potential impact on human and animal health [28-36-
37-38]. Quantitative analysis of protozoan cysts in wastewater from Bouishak wadi revealed flagellates
(Giardia lamblia) and amoebae (Entamoeba coli, Entamoeba histolytica and Blastocystis hominis)
(Figure 7).
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Figure 6: Egg concentration by class and taxon of wastewater from Bouishak wadi

12

10 EBl1

B2

HB3

Cysts 105/1

Giardia Entamoeba  Entamoeba  Blastocystis Dientamoeba
lamblia coli histolytica hominis fragilis.

flagellated amoebas

PROTOZOAN

Figure 7: Concentration of identified protozoa in wastewater from Bouishak wadi

We noted a predominance of Giardia lamblia cysts in the different stations and during the study period
with average contents of 39.6 10% cysts/L (B1), 36.93 103 cysts/L (B2) and 35.90 102 cysts/L (B3)
(Figure 7). While

Entamoeba coli cysts have the lowest concentration, from 16.75 102 cysts/L (B1) to 10.75 10° cysts/L
(B3).From a quantitative point of view, the parasite load of the waters studied is large compared to that
found by other researchers in other sites [21-30]. From a spatial point of view, mean cyst levels were
high at station B1 with a total of 10.8 10 cysts / L and increased to 80.17 10° cysts / L then 54.09 10°
cysts/L respectively to B2 and B3 (Figure 8). This concentration, which decreases considerably from
upstream to downstream, has explained by the decrease in the population size. The prevalence of Giardia
lamblia and Blastocystis hominis in surface water and wastewater could lead to serious health risks, in
this case giardiasis, which has manifested by watery diarrhea, steatorrhea and malabsorption, is a
common infection in children [34].
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Figure 8: Spatial variation of protozoan cyst densities

For example, the presence of intestinal nematodes, particularly Ascaris lumbrocoides, and Trichuris
triciura in wastewater intended for irrigation has considered a major health and environmental hazard
[35-36-37]. The World Health Organization (WHO) [38] estimated the number of cases of Ascaridiosis
due to Ascaris lumbricoides and 500 million cases of Trichuris trichiura infection in the world at 1,000
million. In 1994, Chan et al., [39] estimated that there were 1471 million and 1048 million cases of A.
lumbricoides and T. trichiura infections in the world, respectively. Clinically, A. lumbricoides can cause
bowel obstruction and T. trichiura has been associated with dysentery [40]. Both Helminths have also
been associated with stunting [41-43]. Massive infestations of these two nematodes are more common
in children than in adults.

Conclusion

The results of our study show that helminth protozoan egg and cyst concentrations far exceed the standards
recommended by the WHO guidelines and Moroccan water standards for irrigation described in the decree.
Ministerial Meeting No. 1276-01 of the year 2002. Indeed, it claims a parasite load less than or equal to a viable
eqg per liter for water for irrigation crops. A qualitative and quantitative divergence of sewage pests has noted.
Sewage upstream of Bouishak wadi was more parasitic than downstream water. This difference in concentration
may be due to the size and socio-economic level of the urban population, the geographical context, the arid and
semi-arid climate of the region, and the urban effluents that has discharged daily into the river. wadi. Therefore,
the control of waterborne diseases becomes an essential strategy to reduce risk factors.

References

1. M. Bentaleb, Réutilisation des eaux usées brutes en irrigation au Maroc. Mémoire de troisiéme cycle, Option
Génie Rural, Institut Agronomique et Vétérinaire, Hassan I, Maroc Institut Agronomique et Vétérinaire
Hassan Il, Rabat (1986).

2. H. Abouzeid, L'état de I'expérimentation et de la recherche en matiére de réutilisation des eaux usées au Maroc.
Rev. Eau & Development (10) (1990) 6-11.

3. A. Ait melloul, O. Amahmid, L. Hassani, K. Bouhoum. Health effect of human wastes use in agriculture in El
Azzouzia (the wastewater spreading area of Marrakech city, Morocco). Inter. J. Envir Health Research 12
(2002) 17— 23.

4. H.Talouizte, M. Merzouki, A. EI Ouali Lalami, L. Bennani, M. Benlemlih, Evolution de la charge microbienne
de la laitue irriguée avec les eaux usées urbaines de la ville de Fés au Maroc, Tribune de I’eau. 642 (2007)

5. OMS (Organisation Mondiale de la Santé), Recommendations, 3rd, Ed.World Health Organization. Geneva
Vol.1 (2004).

6. A. Aboulkacem. . Etude comparative de la qualité bactériologique des eaux des oueds Boufekrane et Ouislane
a la traversée de la ville de Meknés (Maroc). Revue Microbiol. Ind.San.et Environ 1 (2007) 10-22.

Quarrak et al., J. Mater. Environ. Sci., 2020, 11(2), pp. 274-282 280



7 J. Addouli et al., Ifluence des eaux usees, utisees en irrigation, sur la qualite des eaux de I'oeud bouishak - region
de meknes (Centre-Sud du Maroc) Revue Microbiol. Ind. San et Environn. Vol 3, N°1 (2009) 56-75.

8. A. Chahlaoui, Vulnérabilité des nappes superficielles et subaffleurantes du sud-ouest tunisien. Sécheresse, 2
N°11 (2000) 85-91.

9. RADEEM (Régie Autonome de Distribution de I’Eau et de I’Electricité), (2003).

10. M. Abdouh, M. EI Atrouz, A. Mechkouri. Profil environnemental de Meknés. (2004)28-29.

11. RGPH (Recensement Général de la Population et de 1’Habitat) (2014)

12. M. Cadillon, Y. Reaumaux, J. Bize, Réutilisation des eaux usées : Contraintes et enjeux. Actes des journées
techniques d’assainissement au Maroc, Agadir (1989) 2-26.

13. R. Firadi, Epuration et réutilisation des eaux usées de la ville d’Ouarzazate en agriculture : devenir
des ceufs d’helminthes et étude de leur viabilité dans les eaux usées et les boues. Thése de 3émecycle en
Biologie, Option : Traitement et valorisation agricole des eaux usées, Université Cadi Ayyad —Faculté des
Sciences Semlalia, Marrakech, (1996)114p.

14. K. Ouarrak, A. Chahlaoui and I. Taha, Monitoring of the parasitic load wastewater of Ouislane wadi and
Bouishak wadi from the city of meknes moroccoijas, Inter.J. of Innovation Sciences and Research.

6 N°7(2017) 1063-1067

15. OMS (Organisation mondiale de la Santé). Planches pour le diagnostic des parasites intestinaux. Genéve,
(1994) 29 p.

16. J. Rodier, C. Bazin, J.P. Broutin, P. Chambon, H. Champsaur, L. Rodi, lI'analyse de I'eau naturelle, eau
résiduaires, eau de mer 8e édition. Duno, Paris, France (2009).

17. D. Thienpont, M. Cadillon, Y. Reaumaux, and J. Bize, Le traitement et valorisation des eaux usées d’Oujda.
Rapport préliminaire du programme de coopération Franco-marocaine, collectivités locales (1993).

18. Gu. Viviane, Parasitologie, De boeck, Paris. Livre (2007) 182p

19. C. Aliaume, G. Lasserre, M. Louis, Organisation spatial des peuplements ichtyologiques des herbiers a
Thalassia du Grand Culde-sac marin en Guadeloupe. Revue d’hydrobiologie Tropicale, 23 : 231- 250. Revue
d’hydrobiologie Tropicale, 23 (1990) 231- 250.

20. R. Stott, T. Jenkins, M. Shabana & E. May, A survey of the microbial quality of wastewater in Ismailia,
Egypt and the implications for wastewater reuse. Sc. Tech. 35(1997) 211-217.

21. 1. Sylla, D. Belghyti, Analyse parasitologique des eaux brutes de la ville de Sidi Yahia Gharb (Maroc). Revue
Mondiale de la Recherche Biologique, World Journal of Biological Research, ISSN : 10 (2008) 1994-5108
ISPROMS,

22. Z. Alouini, Flux de la charge parasitaire dans cing stations d'épuration en Tunisie. Revue des Sciences de [’eau
6 N°4 (1993) 453-62. https://doi.org/10.7202/705185ar.

23. Z. Alouini, H.Achour, A. Alouini, Devenir de la charge parasitaire des eaux usées traitées dans le réseau
d'irrigation "Cebala" in Zekri, Laajini A, agriculture durabilité et environnement. CIHEAM (1995)117-124.

24.J.L. Stien, J. Schwartzbrod, Devenir des ceufs d’helminthes au cours d’un cycle d’épuration des eaux usees
urbaines, Revue internationale des séries de [’eau. T.S.M., N°10, pp 495-498. Revue internationale des
séries de I'eau, 3 (3/4) (1987) 77-82.

25. M. Guessab, J. Bize, J. Schwartzbrod, A. Mani, M. Morlot, N. Nivault, L. Schwartzbrod, Wasterwater
treatement dy infiltration percolation on sand: results in Ben Sergao. Morocco, Sci. Tech, 17(1993)91-95
26. J. Schwartzbrod, S. Banas, Parasite contamination of liquid sludge from urban wastewater treatment plants.

Water, Sci. Tech. Vol. 47 N°3. (2003)163-166

27. K. Hajjami, M. M. Ennaji, S. Fouad, N. Oubrim, K. Khallayoune, N. Cohen. Wastewater Reuse for Irrigation
in Morocco: Helminth Eggs Contamination’s Level of Irrigated Crops and Sanitary Risk (A Case Study of
Settat and Soualem Regions) Journal of Bacteriology and Parasitology. 2 N° 5 (2012)193-201.

28. Y. El Guamri, D. Belghyti, Etude de la qualité physico-chimique des eaux usees brutes de la commune
urbaine de Saknia, rejetées dans le lac Fouarat (Kénitra, Maroc) : Journal Africain des Sciences de
I’Environnement 1 (2006) 53-60 Afrique SCIENCE 03(1) (2007)123 — 145.

29. S. Raweh, K. Elkharrim, M. Cissé, Y. EI Guamri, Y. Abchir, D. Belghyti, Aspect parasitologique des eaux
usées rejetées dans le bas Sebou (Kenitra, Maroc). World Journal of Biological Research. 3 (1) (2010)
18-29.

30 N. Rhallabi, R. Moundib, M. Maaroufy, M. Marghich, Kh. Khalaayoune, Kh. Bouzoubaa, A. Agoumi, M.
Ettalibi, H. Berdai, N. Jellal, M.Touzani, M. Mekrane, A. Handouf, T. Benchokroum, B. EL Hamouri,. Actes
Inst. Agron. Vet. 10 (1990) 57-66.

Quarrak et al., J. Mater. Environ. Sci., 2020, 11(2), pp. 274-282 281


https://doi.org/10.7202/705185ar

31. L.W. Casson, C.A. Sorber, J.L. Sykora, P.D. Gavaghan, M.A. Shapiro, W. Jakubowski, Giardia in
Wastewater-Effect of Treatment Research Journal of the Water Pollution Control Federation 62 N°5 (1990)
670-675.

32. K. Bouhoum, O. Amahmid, S. Asmama. Devenir des ceufs d’helminthes et des kystes de protozoaires
dans un canal a ciel ouvert alimenté par les eaux usées de Marrakech. Revue des Sciences de I'Eau, 10 N°2
(1997) 147-246 ; https://doi.org/10.7202/705278ar.

33. M. Abouelouafa, H. El Halouani, M. Kharboua et A. Berrichi. 2002. Caractérisation physicochimique et
bactériologique des eaux usées brutes de la ville d’Oujda : Canal principal et Oued Bounaim. Actes Inst. Agron.
Vet. (Maroc) Vol. 22 (3) (2002) 143 - 150.

34. Wright SG. Protozoan infections of the gastrointestinal tract. Infect Dis Clin North Am. (2012) 26(2):323-39.
https://doi.org/ 10.1016/j.idc.2012.03.009.

35. M.I. Shuval, A. Adin, B. Fatal, E. Rawitz, P. Yekutiel. Wastewater irrigation in developing countries: Health
effects and technical solutions' World Bank Technical, paper N° 51 (1986) 5121-38.

36. D. Blum, R.G. Feachem. 1985. Health aspects of night soil and sludge use in agriculture. Part Ill: an
epidemiological perspective. Report N° 05/85 (1985). Part I1l. Dabendorf, international référence centre for
waste disposai. Report N° 05/85

37. M. Straus, Survival of excreted pathogens in excreta and faecal sludges. IRCWD NEWS 23(1985) 4-9.

38. Organisation Mondiale de la Santé (OMS). L’utilisation des eaux usées en agriculture et en aquaculture :
recommandations a avisées sanitaires. Rapport d’un groupe scientifique de I’OMS. Organisation mondiale de
la santé, série de rapports techniques, n° 778, Genéve (1989).

39. L. Chan, DA, Bundy, SP. Kan. Nematode Infections Are Risk Factors for Staphylococcal Infection in Children
Vol. 97 (3) (2002) 395-399, April; http:/dx.doi.org/10.1590/S0074-02762002000300021

40. E.S. Cooper Whyte-Alleng, C.A.M, JS,Finzi-Smith et T.T. MacDonald, Intestinal nematode infections in
children: the pathophysiological price paid. Parasitology 104 (Suppl S1) (1992) S91-S103.
https://doi.org/10.1017/S0031182000075272

41. D. A. P. BUNDY, E. S. COOPER, D. E. THOMPSON, J. M. DIDIER, Effect of age and initial infection
status on the rate of reinfection with Trichuris trichiura after treatment. Parasitology 97 N°3 (1988) 469—
476. https://doi.org/10.1017/S003118200005887X

42. LS. Stephenson, MC. Latham, EJ. Adams, SN, Kinoti , A. Pertet, Physical fitness, growth and appetite of
Kenyan school boy’s .ith hookworm, Trichuris trichiura and Ascaris lumbricoides infections are improved four
months after a single dose of albendazole. The Journal of Nutrition 123(6) (1993) 1036-46
https://doi.org/10.1093/jn/123.6.1036

43. JW. Lawless , Latham MC, Stephenson LS, Kinoti SN, Pertet AM, Iron supplementation improves appetite
and growth in anemic Kenyan primary school children, The Journal of Nutrition 124 N° 5 (1994) 645-654
https://doi.org/10.1093/jn/124.5.645.

(2020) ; http://www.jmaterenvironsci.com

Quarrak et al., J. Mater. Environ. Sci., 2020, 11(2), pp. 274-282 282


https://doi.org/10.7202/705278ar
https://www.ncbi.nlm.nih.gov/pubmed/22632642
https://doi.org/10.1017/S0031182000075272
https://doi.org/10.1017/S003118200005887X
https://doi.org/10.1093/jn/123.6.1036
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lawless%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=8169656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Latham%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=8169656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stephenson%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=8169656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kinoti%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=8169656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pertet%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=8169656
http://www.jmaterenvironsci.com/

