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Abstract: In developing countries, most of the population does not have access to drinking water and is therefore subject to 

use groundwater and surface water for it’s domestic needs without taking into consideration it’s quality and health repercussions. 

This study seeks to assess the physicochemical and biological quality of water in some springs, wells and streams of the 

Ngoumou municipality in Cameroon. Several physico-chemical parameters coupled to biological variables were applied in the 

evaluation of the quality of these waters. The physicochemical quality was evaluated by standard methods for the monitoring of 

water quality. Biological analyses were performed by the direct method and the Zhiel-Neelsen method using a 40X and 100X 

optical microscope. The physico-chemical analysis reveals a low organic pollution and shows that these waters are acidic, lowly 

mineralized and presents low oxygen saturation. The biological quality revealed the presence the oocystic load of 

Cryptosporidium sp (872 oocysts/L), Cyclospora sp (224 oocysts/L) and Isospora sp (133 oocysts/L). Oocysts of 

Cryptosporidium sp (170oocysts/L) were identified in the aquatic system of the Ngoumou sub-urban area. Oocysts density was 

positively correlated with suspended solids, water color and turbidity. The presence of these organisms in this communal water 

system depicts faecal contamination. It is urgent to raise awareness on the protection of this precious natural resource and safe the 

population from rampant diarrheal diseases. 
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1. Introduction 

Pollution and water scarcity are in fact a global problem 

whose aspect and scopes are different, according to the levels 

of development of the nations. In Cameroon, despitethe 

presence of water in quantity, it remains a limited resource, 

vulnerable, indispensable to the environment and essential to 

life [1]. The production of clean and safe drinking water still 

remains a major problem in our society [2]. The peri-urban 

and rural areas are a perfect illustration of this because, due 

to budget constraints, public investments are becoming 

increasingly insufficient to meet the water needs of an 

increasingly growing population. The absence of the public 

water supply network obliges the villagers to obtain supplies 

directly from surface and underground water. This is the case 

in the district of Ngoumou where people rely on springs, well 

and streams for their domestic needs [3]. Those who are at 

risks of diseases (amoebic dysentery, giardiasis, abdominal 

pain and diarrhea) carried by this water are infants, young 

children, and immunocompromised people. Indeed almost 

60% of infant mortality worldwide is attributable to 

water-related infectious diseases [4]. 

Indeed, some studies on groundwater and surface water in 

Cameroon, in area urban and peri-urban have shown that these 
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water host germs which are fecal indicators of contamination. 

The oocysts of Cryptosporidium sp, Cyclospora sp, Isospora 

sp are cosmopolitan and can withstand various environmental 

stresses. It would therefore be necessary to evaluate the 

quality of the surface and depth of water consumed by the 

population through some physico-chemical variables and 

some biological indicators of the quality of water used in 

peri-urban areas. 

2. Materials and Methods 

2.1. Study Site 

This study was conducted over a 13 months period from 

March 2017 to May 2018. The districts of Ngoumou which 

extends between 3°35'0'' and 3°35'30'' ofNorthern latitude and 

between 11°17'30'' to 11°18'30'' of Eastern longitude. This 

district is found in the division of Mefou-and-Akonowhich is 

located in the Central region, South of Yaounde, the capital of 

Cameroon. 

2.2. Presentation of Sampling Stations 

The choice of sampling stations was made according to the 

criteria such as: the sources of contamination, the use of water, 

the importance of thewater point for the populations, the lack 

of adequate sanitation, the precarious hygienic situation and 

the accessibility of these areas [5, 6]. A total of 06 stations 

where chosen in the district of Ngoumou such as 02 wells 

(NP1 and NP2), 02 springs (NS1 and NS2) and 02 points on 

the Ebongo stream. That flows across the whole locality. 

The Ebongo stream in the Ngoumou locality is subject to 

some anthropogenic pressures suchdumping garbage, toilets 

released into the stream, and water pollution. This river is 

used by local residents for bathing, washing of automobiles 

and as a watering point for cattle that serve as meat in the 

area. The NP2 well which is located at Ngoumou is about 6 

meters from the toilet; this well is an unprotected well 

without lip or cover simply dug in the ground, whose edges 

are covered with a plank. The Ngoumou NP1 well is nicely 

protected by a crops and a cover. The sources NS1and NS2 

are unprotected. 

2.2.1. Physicochemical Parameters 

The physicochemical analyses were carried out both on the 

field and in the laboratory of Hydrobiology and Environment 

of the University of Younde I, following the recommendations 

of Rodieret al [7]. For laboratory analyzes, water sampleswere 

collected in the field using 250 and 1000 ml double sided 

polyethylene vials. The physicochemical analyzes were 

carried out by volumetric process, colorimetry with 

spectrophotometer HACH DR 2100 and with the aid of a 

portable multiparameter HANNA model HI 9829. 

Physicochemical parameters were temperature, Suspended 

Solids (SS), Colour, Turbidity, Nitrate, Orthophosphates, 

Hydrogen Potential (pH), Electrical Conductivity, Total 

Dissolved Solids (TDS), Dissolved Oxygen (D O), Dissolved 

Carbon Dioxide (CO2) and Oxydability. 

2.2.2. Biological Variables 

For the biological analysis, 1 L of water sample is taken to 

the laboratory and left for sedimentation during 24 hours at 

room temperature. The deposits obtained are then quantified, 

homogenized and a sub sample of 10 ml per sample was taken 

and distributed into the tubes to which 0.5 ml of formalin was 

added. Two identification methods were used to isolate and to 

enumerate the oocysts. This is the direct observation method 

and the Ziehl-Neelsen technique. The direct observation 

method consist of adding 5 mL of distilled water and a few 

drops of dye (Lugol, MIF, basic fuschine, hématoxyline or 

methylene blue), which stain the internal structures of 

sporocysts [8]. And the contents of the tubes are centrifuged at 

500 rpm for five minutes. The pellets are taken using a 

micropipette and placed on slides; the examination and 

enumeration of the oocysts are performed under the Olympus 

CK2 microscope at a 40X magnification. 

The Zielh-Neelsen technique consists of adding a solution 

of zinc sulphate (10%) to the 10 ml pellet, which is then 

centrifuged at 500 rpm for five minutes to float the oocysts. 

The supernatant, containing the oocysts is removed using a 

micropipette and placed on microscope slides which are then 

dried, after fixation with methanol and stained with basic 

fuchsine; the preparation is rinsed with water and then 

sulfuric acid (2%). Counterstaining is effected with 

methylene blue (5%). After rinsing with water and drying in 

the air, the examination and enumeration of the oocysts are 

carried out under Olympus CK2microscope40X 

magnification. 

2.2.3. Analysis of the Results and Statistical Test 

The integral volume “(2)”, of the pellet is recorded. After 

homogenization of the pellet, a precise volume “(3)”, is 

taken and introduced into atest tube. The final pellet of each 

oocyst in the sampleis calculated, the rest in the tube is 

distributed on slides, then the number of oocystesis counted 

by multiplying the value obtainedon all the slides by the 

fraction “(4)”, and the result is finallycalculated to a liter 

and the number of oocystis noted per liter (oocyst /L) [9]. 

The collected data weregrouped by season using the 

Microsoft Excell program 2010 and processed is using 

SPSS version 20.0 software as the data. The distribution 

does not follow a normal distribution, the dependence 

relationships between physic-chemical and biological 

parameters wereevaluated by the "r" correlationtest of 

Spearman. These analyses were performed using the SPSS 

20.0software and the results are evaluated at the safety 

thresholds of 1% and 5%. 

X= Y.Vx/Vy                    (1) 

AndX it is a number oocyst finally per liter (oocyst/L) 

Y a value obtained on all the slides 

Vx anintegral volume of the pellet is recorded (2) 

Vy a precise volume is taken and introduced into a test tube (3) 

Vx/Vy the fraction (4) 
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3. Results 

3.1. Physicochemical Results 

In the locality of Ngoumou, the temperature of the 

groundwater (NS1, NS2, NP1 and NP2) varies from 23 to 

27°C, with an average of 25.3±1.2°C. This groundwater is low 

in turbidity which varies from 1 to 35 FTU, with an average of 

9.9±10.2 FTU. The color values are between 3 and 197 Pt-Co, 

with an average of 35.45±45.7Pt-Co. The contents of 

Suspended Solid (SS) are between 1 and 15 mg/L, with an 

average of 6.8±4,8mg/L. The groundwater pH in NS1, NS2, 

NP1 and NP2 varies from 5 to 7.2 UC, with an average of 

5.99±0.55 UC. The electrical conductivity is low and between 

43.0 and 172.0 µS/Cm, with an average of 98.2±45.39 µS/Cm. 

Total dissolved solids range from 19 to 86 mg/L, with an 

average of 44.4±21.4 mg/L. Groundwater concentrations in 

dissolved oxygen are very low, ranging from 0.3 (3.57%) and 

1.6 mg/L (20.09%) with an average of 0.86 mg/L (10.50%). 

Carbone Dioxide (CO2) has values between 12.32 and 42.24 

mg/L, with an average of 20.1±7.9 mg/L. The organic matter 

content is low; the concentration is between 0.9 to 2 mg/L, 

with an average of 1.6±0.2 mg/L. The nitrate concentration is 

between 0.2 and 6.2 mg/L, with an average of 2.25±1.4 mg/L. 

The orthophosphates concentrations range from0 to 4.3 mg/L, 

with an average of 2.1±1.01 mg/L. nitrates and 

orthophosphates concentrations are low compared to WHO 

standards for drinking water [10]. 

 

 

Figure 1. Spatiotemporal variation of the physicochemical variable obtained 

during the whole study period in the Groundwater of Ngoumou Municipality: 

(Temperature (a), Colour (b), SS (c), DO (d), CO2 (e), Oxydability (f), TDS (g), 

Electrical conductivity (h), Nitrates (i), Turbidity (j), pH (k) and 

Orthophosphates (l)). 

In Ebongo river the temperature of the water varies slowly. 

This stream has almost similar diagrams (figure 2). It evolves 

between 21 and 24°C with amplitude of 3°C and respective 

average of 23.5±1.08°C. The turbidity of the water varies from 

6 to 57 FTU in the Ebongo stream. Surveys of SS show 

different variations and oscillate between 6 and 57 mg/L. The 

water of this river show a high colour with values ranging 

from 97 to 312 Pt.Co for the stream assessed. 

In the Ebongo river, the pH fluctuates between 5.1 and 6.9 

CU with an average of 6.2±0.2 CU. Conductivity remained 

low in this stream. In the Ebongo stream, it ranges from 31 to 

56 µS/Cm with an average of 38±9µS/cm and the TDS range 

from 13 and 28 mg/L with an average of 19±4 mg/L. Similarly 

an oxygenation percentage is very low and ranges between 

3.56 and 27.32% with an average of 11.7±7.7%. In Ebongo 

river, the organic matter load is between 1.8 and 3.1 mg/L with 

an average of 2.3±0.4 mg/L. The highest seasonal value is 

noted during the LDS and the lowest during the SRS. The 

orthophosphates content varies from 0 to 2.4 mg/L and the 

nitrates values are between 0.1 and 3 mg/L. 

The oocysts of Isospora sp observed have an oval shape, 

refracting, with a double wall and measure from 20 to 30µm of 

length on 12 to 16µm wide. They contain a sporoblast and 

sometimes a more or less differentiated two sporocysts (figure 4). 
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Figure 2. Spatiotemporal variation of the physicochemical variable obtained during the whole study period in the water course (Ebongo river) of Ngoumou 

Municipality: (Temperature (a), Colour (b), SS (c), DO (d), CO2 (e), Oxydability (f), TDS (g), Electrical conductivity (h), Nitrates (i), Turbidity (j), pH (k) and 

Orthophosphates (l)). 

3.2. Biological Results 

In total, three types of intestinal coccidian have been 

identified, namely Crytosporidium sp; Cyclospora sp and 

Isospora sp. The oocysts of Cyclospora sp observed are 

sporulated and non-sporulated forms, have a diameter 

between 8 and 10 µm and are spherical in shape with an outer 

fibrillarylayer (63 nm) whichcovers a thick cell wall (50 nm). 

The non-sporulated forms occur with clusters of 2 µms 

refractive globules and the sporulated oocysts have two 

sporocysts each containing two sporozoits (figure 3). 

 

Figure 3. Oocysts of cyclospora sp see under a 40X optical microscope: (A) 

non sporulated oocysts (B and C) oocysts sporulated. 
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Figure 5 shows the oocysts of Cryptosporidium sp observed 

have a spherical shape. Their diameter varies between 4 and 6 

µm depending on the species. Their wall is thick and 

composed of two layers, internal and external, quite distinct. 

Their contents are granular. 

The results of the microbiological analyses presented on 

figure 6 shows that the density of oocysts in groundwater 

ranges from 0 and 55 oocystes/L for all genera identified, with 

an average density of 66 oocystes/L for Cryptosporidium sp, 

24 oocysts/L for Cyclospora sp and 26 oocysts/L for Isopora 

sp. The oocysts of Cryptosporidium sp, were the most 

abundant in the wells and springs assessed. 

 

Figure 4. Oocysts of Isospora sp see under a 40X microscope: (a) non sporulated oocysts, (b and c) oocysts sporulated. 

 

Figure 5. Oocysts of Cryptosporidium sp see under a microscope. 

 

Figure 6. Spatiotemporal Variations of oocysts identified in groundwater. 

 

Figure 7. Variation of abundance the distribution of coccidian densities 

identified in groundwater. 
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Figure 8. Spatiotemporal Variations of oocysts identified in Ebongo river. 

These organisms are present in all seasons, Ns2 source is 

the most pest-laden source in all seasons and are more 

abundant during LDS. 

In Ebongo river the density of oocysts ranges from 0 and 

266 oocysts/L and the Cryptosporidium sp oocysts were most 

abundant with an average density of 303oocystes/L followed 

by those of Cyclospora sp which have an average density of 

62 oocysts/L. The highest density of coccidia was obtained in 

the Eb1 station during the SRS. 

It is noted that the density of the identified sporocyts 

evolves in the opposite direction with the level of 

mineralization as indicated by the correlation values between 

the conductivity, the TDS and the density of Cryptosporidium 

sp, Cyclospora sp and Isospora sp. These correlation are 

significant (p>0.01) with the density of oocysts of 

Cryptosporidium sp (r = -0,371; p = 0.000). SS, Color and 

Turbidity values are in the same direction, as the density of the 

Cryptosporidium sp. oocysts of Cyclospora sp, Isospora sp 

and Cryptosporidium sp remain significantly correlated 

significantly at the 1% threshold with these three parameters. 

Whereas Cyclospora sp shows a significant correlation at the 

5% threshold as shown in table 1. 

 

Figure 9. Variation of abundance the distribution of coccidian densities 

identified in Ebongo river. 

Table 1. Correlation obtained between the physicochemical parameters and densities of Cryptosporidium, Cyclospora and Isospora oocysts. 

 Conductivity (µS/cm) TDS (mg/L) SS (mg/L) Colour Pt/Co Turbidity (FTU) 

Cryptosporidium sp -0,371** -0,354** 0,436** 0,480** 0,418** 

Cyclospora sp -0,32 -0,008 0,285* 0,198 0,191 

Isospora sp -0,90 -0,062 0,129 0,120 0,103 

* = significant correlation at the threshold5% and* * = significant correlation at the threshold 1%. 

4. Discussion 

Water temperature is an important factor in the aquatic 

environment because it regulates almost all physical, chemical 

and biological metabolic activities [11]. In the present study 

the temperature didn't show any significant variation from one 

well, spring or surface waters sampling points. These 

temperatures are favorable for the proliferation of 

enteropathogenic protozoan species identified in our samples. 

The case of Cryptosporidiumsp oocyststhat can remain viable 

and infectious in water at temperatures up to 30°C [12], 

similarly for Cyclosporasp whose sporulation dependent on 

the temperature which must be between 22°C and 32°C [12, 

13]. Human contamination is most often related to 

consumption of untreated wateror ingestion of contaminated 

food. After ingestion by the humans, oocysts lose their 

protective shell in the gastrointestinal tract and 

releasesporozoïts, which invade the epithelial cells of the 

small intestine and cause diarrhea, abdominal cramps or 

bloating and nausea [14]. 

The pH of the water provides information on its acidity and 

alkalinity [15]. The results revealed that the waters of the 

locality of Ngoumou are acidic, the average pH of the waters 

is 5.9 UC for the groundwaters and 6.3 UC for surfaces water 

and these values are explained by the nature of soils that are 

clayey nature and ferralitic. The Ngoumousurface water is 

weakly mineralized. In our samples, the conductivity was 

between 37 and 218 µS/cm for the groundwater and between 

26 and 56 µS/cm for surface water. This difference can be 

explained by the period of duration of water in the geological 

formation which is greater and water has more time to be 

loaded with minerals, than the water of river. Dissolved 

oxygen levels in groundwater have been relatively low, 

compared to surface water, which is the seat of the 

photosynthetic activity and permanent mixing. Turbidity, 

color and SS values are generally low; this shows a moderate 

enrichment in organic matter of these waters. These particles 
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may be a signification of pollution and it also a channel for the 

transmission of microorganisms. 

In the groundwater of this locality we obtain an average 

density of 145 oocystes/L whereas in surface water we 

observe an average density of 398 oocystes/L. This difference 

in density can be explain by the fact that the groundwater 

undergoes a filtration process in soil which limits the 

contamination of the aquifer by surface water contracted with 

most often places of receptacle of all kinds anthropogenic 

waste. The presence of microorganisms in wells and protected 

springs could be explained by the shallowness of the majority 

of the two wells, we also noted problems such as non-sealing 

and poor maintenance which is also a factor of contamination. 

The risks of contamination are increased in shallow wells 

because the water is filtered to alower level [16]. Temporally, 

the abundance of oocysts of Cryptosporidium could be 

explained by the fact that Cryptospridiumoocysts have a thick 

double membrane, which are resistant to many chemicals; 

these oocysts can survive to higher temperature such as 30°C 

and moist environments for up to six months. Increase 

turbidity in the water may indicate microbiological problems. 

In the environment microorganisms became intimately 

associated with soil and waste particles. Several studies have 

established correlation between increased concentrations of 

microorganisms and increased turbidity [17, 12, 13]. The 

quality of water and food are therefore a priority. 

5. Conclusion 

The eco-assessment of springs, wells and streams in 

theperi-urban area of Yaounde show alow organic pollution and 

a low mineralization. Water quality is acceptable at the level of 

physicochemical analysis. Regarding the biological aspect, 

groundwater contains fewer oocysts than surface water. 

Cryptospridiumoocysts were the most abundant followed by 

Cyclospora oocysts. The density of these environmental forms 

has evolved in the same direction as the level of Suspended 

Solids, color and turbidity. Regarding the biological quality, the 

presence of oocysts translates fecal contamination of the 

ecosystem assessed. Although of good physicochemical quality, 

the presence of the resistance forms of pathogens such as 

Cryptosporidium spand Cyclospora sp enables us to predict in 

favor of an in-depth study on protozoa and their role in the 

bio-evaluation of hydro system and environment. We suggest to 

the government to expand the drinking water distribution 

network in rural areas; to protect water points and advise the 

population to use simple methods of disinfection of water. This 

measure has essential in maintaining adequate water quality for 

the inhabitants of this Ngoumou and environs. 
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