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Abstract 
This study, developed in the Centre Region of Cameroon, made it possible to identify the consequences responsible of 
soil vulnerability. Chemical and biological analysis of soil samples collected near wells and springs during the short rainy 

season were carried out. The results show that the pH and electrical conductivity values decrease with the depth 

respectively 6.11 CU and 127.47 µS/cm at the surface (0cm) followed by 5.52 CU and 69.32 µS/cm at 50 cm depth. The 

hydraulic conductivity shows that the soil is moderately permeable (10-5m/s). Protozoa oocysts were observed using an 

Olympus CK2 inverted microscopy at 40X objective using Zinc sulphate flotation and modified Ziehl-Neelsen technique. 

The distribution of oocysts decreases with depth. At the surface of the soil (0cm) the densities of Cryptosporidium and 

Cyclospora are respectively 123 oocysts/100g and 50 oocysts/100g. At 25cm depth, the densities of Cryptosporidium and 

Cyclospora are respectively 36 oocysts /100g and 6 oocysts /100g. At 50cm depth the densities of Cryptosporidium and 

Cyclospora are respectively 16 oocysts/100g and 3 oocysts/100g. Infiltration of oocysts may be favored by Hydraulic 
conductivity and obstructed by acidic pH of the soil. The contamination of these different depth layers would be a risk of 

contamination of groundwater. 

Keywords: Bio-infiltration; Oocysts; Hydraulic conductivity; Chemical factor; Soil; Centre region of Cameroon. 

 

1. Introduction 
Wastewater is of domestic, industrial, agricultural, stormwater origin and runoffs exerts pressure on the surface 

layer of the earth's crust. In wastewater, the concentration of pathogens can be significant and infiltrate the soil [1, 

2]. Water from domestic effluents and runoffs with low or no flow velocities loaded with organic and inorganic 
matter very often results in the formation of muds. The research of Ajeagah, et al. [3] shows that muddy soils could 

contribute to the contamination of wells and springs in the absence of environmental sanitation. According to the 

World Health Organization [4], 80% to 85% of diseases are closely linked to inadequate sanitation in intertropical 

Africa. The risk of the presence of Cryptosporidium in captured water results from the risk of combining 

contamination source with the vulnerability [5]. Cryptosporidium and Cyclospora are emerging diseases that are 

classified as worldwide disease responsible respectively of cryptosporidiosis and cyclosporiasis with the main 

symptom Diarrhea. In the sub-urban areas of the Centre Region, the population often consume groundwater without 

knowing the quality of the water and be treated. Also children frequently play with soil and some people usually eat 

soil ignoring the health risk. The main aim of this research is to show that vulnerability of soil which can lead to the 

contamination of groundwater may be a health risk for the population. 

 

2. Material and Methods 
2.1. Presentation of the Centre Region  

The Centre region is an agro-ecological zone of bimodal rainfall forests, with capital Yaounde which is located 

south of the Center region between 3 ° 30 'and 3 ° 58' north latitude and between 11 ° 20 'and 11 ° 40' east longitude 

[6]. It is located at an altitude of 750 m, and is characterized by a particular climate with 4 seasons known as the 

“Yaoundean climate” [6] including: a long dry season (LDS) which extends from mid-November to mid-March, a 

short rainy season (SRS) which runs from mid-March to the end of May, a short dry season (SDS) from June to 

August, a long rainy season (LRS) which runs from September to mid-November. The thermal regime is hot and 

varies very little. Thus, the average monthly temperatures fluctuate between 22.4 ° C and 27.2 ° C. The average 
annual rainfall is 1576mm. The mother rock which constitutes the geological substratum of the soils of Yaounde 
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derives from a more or less micaceous quartz-feldspathic material [7], the soils have a pH which varies from 4.9 to 

5.8 CU [8, 9]. The vegetation is of dense semi-deciduous humid forest The geological bedrock formed of 

embrechites (Magmatitic gneiss with „‟ Augen ‟‟ -structure largely preserved) is fractures, forming reservoirs 
exploitable by wells and springs. It is covered by sandy clay alluvium in the talwegs and lateritic soil on the hill 

flanks [9]. The soil cover developed on this formation consists of ferralitic soils at the top of the slope and 

hydromorphic soils in the valleys. Ekodeck [10]; Ndjigui, et al. [11]; A set of upper (2-15m) clay-sandy layer 

surmounted by a humiferous horizon [10]. The vertical hydraulic conductivity is around 10-4 m /s in the last two 

horizons and 10-6 m/s in the alteration horizon [12]. 

 

2.2. Description of Soil Sampling Sites 
Soil samples were collected near wells and springs which are generally used by the population for drinking, 

cooking, bathing, domestic and agricultural activities. The samples were collected in areas where wastewater is 

formed temporally originated from groundwater, runoffs or domestic activities. 

 

2.3. Sampling of Biology and Chemical Samples   
Samples were taken from soil in the sub-urban areas of the Centre Region; this study was conducted during the small 
rainy season (March, 2019) in the council Okola, Mbankomo, Mbalmayo and Soa Municipality. The determination 

of oocysts in the soil was carried out on soil cores taken in different layers of depth 0cm, 15-25cm and 40-50 cm 

while the soil for chemical factors (pH and electrical conductivity) was collected on the surface(0cm) and 40-50 cm 

depth using an Auger and stored in plastic bags then transported to the laboratory of Hydrobiology and Environment 

and also Hydrogeology for analysis. The Auger used in our study is a Hand screw auger of 15 cm diameter which is 

an instrument madeeup of three parts. The head of Auger is the cross handle link to the tang through T-joint. It is 

used manually to facilitate rotation and penetration of helical shaft in the soil. The head is connected to the shank 

with a screw socket that is joined to the rotation helical screw called a flighting used to collect soil cores of 10 cm. 

The rotation of Auger causes the material to move out of the hole. 

 

2.3.1. pH of the Soil 
The pH measurement of the soil was carried out as follows: The collected samples were dried, sieved and 

weighted then introduced a quantity of 200g sample into a 250 mL beaker and then added a quantity of 

demineralized water at a ratio of 1/5. The samples were placed under agitation for ½ hour and replaced for a few 
seconds on the bench, then measured the pH (after calibrating the pH meter). The pH values were read on the digital 

display screen of the Hach brand pH meter (HQ11d) used. 

 

2.3.2. Electrical Conductivity of the Soil 
The electrical conductivity measurement of the soil was carried out as follows: The collected samples were 

dried, sieved and weighted then introduced a quantity of 200g sample into a 250 mL beaker and then added a 
quantity of demineralized water at a ratio of 1/5.  the sample were placed under agitation for ½ hour and replaced for 

a few seconds on the bench, then measured the conductivity. The conductivity values were read on the digital display 

screen of the Hach brand conductivity meter (HQ14d). This device is equipped with a standard probe which is 

immersed vertically in the solution. The electrical conductivity values were read on a screen with digital display. 

 

2.3.3. Permeability Test 
The methodological approach used in this work is based on a spatial estimation of hydraulic conductivity of 

soils from in situ by Porchet‟s method. These tests were done on 32 points distributed in this study, holes with a 

diameter of 15 cm and depths of 50 cm were dug with a manual auger during the short dry season (Mars, 2019). 

Rainy phases observed during this period of study significantly reduced the time to saturation to about 2 hours, the 

latter generally being 4 hours or more [13]. The timing of the measurement was set at 30 minutes and the 

measurement interval was close to 10 seconds at the beginning of the flow and also taking into account the 

heterogeneity of the soil [14] in this study, the holes used for the measurements have the same characteristics as 

those of the variable charge measurements. The saturation reservoir has a capacity of 25 L and that for measurement 

is 2.5 L, calibrated at 100 ml interval. During the saturation stage, the water level above the bottom of the hole is 

automatically adjusted to 15 cm by the control level unit which is a stainless steel. The imbibition period of the soil 

is related to the capacity of the saturation reservoir. It was not therefore evident to determine the saturation time due 

to interruptions observed during the renewal of the water reserve. This time is known when the saturation bubbles 
are sufficiently spread out. Immediately the imbibition phase is completed, the level regulator is then connected to 

the measurement reservoir. The measurement phase, which is done by maintaining the constant level (15 cm) was 

between 10 and 20 minutes; operating in saturated soil conditions using Darcy‟s law whereby hydraulic conductivity 

(K) is given by the following relationship. 

K= 
 

(        )  
 

with V: the volume of water percolated (in L); R the radius of the hole; h the charge (in m) and t  is the time (in 

second). Apparatus for the measurement of constant charge is Infiltrometer. 
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2.3.4. Observations Technique and Enumeration of Oocysts in Soil Samples 
In the laboratory, after extraction of insoluble particles or large seeds by sieving, 100g of soil sample were 

weighed and introduced into a 250 mL beaker. Then added a quantity of distilled water ratio 1/5.  Also placed the 

sample under stirring for a few minutes then transferred the homogenized and viscous solution to a 10mL test tube. 

The Faust technique was applied for the flotation of oocysts. The mixture obtained were brought to centrifugation at 

500 turns/min for 10 min using a centrifuge. The surface of the pellet, which is richer in parasites, was stained 

(Lugol, Merthiolate-Iodine-Formaldehyde (MIF), Basic Fuschin, Hematoxylin, methylene Blue), then pellet was 

collected up by means micropipette, mounted between slides for ligth microscopy at 40X objective observation; the 

observations were also made using the modified Ziehl-Neelsen technique.  

The oocysts in the soil was counted using a proposal formula. 

N = n2 (Mn1 / Mn2 + 1) 

The formula details of the author (Asi and colleagues) is given as follow: 

(n1) is number of oocysts contained in sample Mn1 with Mn1 = mass of the pellet in 250 (Vn1) of sample, n2 

number of oocysts observed in Mn2 with Mn2 = mass of the pellet in 10mL (Vn2) of sample. Vn2 can increase 

inversely  of  Vn1. The result is given in oocysts /100g. 

The relationship with the number (n) of oocysts in the soil and the mass (M) of the soil is given as follow: 
n1 / Mn1= n2 / Mn2   meaning that      n1 = n2 Mn1 / Mn2                                                              (1) 

The number of oocysts (N) contained in 100g of soil sample is given by the formula 

                                                            N = n1 + n2                                                                                (2) 

By substituting (1) in (2) we obtained the final formula 

N = n2 Mn1 / Mn2 + n2 given the definitive formula N = n2 (Mn1 / Mn2 + 1) 

3. Results 
3.1. Characterization of Soil Sampling Points 

Soil samples were collected near wells and springs whose water is generally consumed by the population. The 

choice of site took into account the presence of sources of pollution (muds). This table 1 presents the geographical 
coordinates of the wells and sources. It also describes the distances from sampling points (wells and sources) 

according to the soil and the probable sources of contamination(muds) (table 1). 

 
Table-1. Description of soil sampling in relationship with wells and springs and Muds 

Sampling points of soil (S) around 

wells and springs 

Geographical coordinates wells and springs Distances Wells/Springs 

North East Altitudes Soil Muds 

Okola well 1 OSW1  04°01‟26.9‟‟  011°22‟47.0‟‟  619 7,5 7,5 

Okola well 2 OSW2  04°01‟25.8‟‟  011°22‟44.6‟‟  603 8 3 

Okola well 3 OSW3  04°01‟23.0‟‟  011°22‟45.3‟‟  602 2,8 2,5 

Okola well 4 OSW4  04°01‟24.5‟‟  011°22‟45.9‟‟  618 15 2,9 

Okola spring 1 OSS1  04°01‟21.7‟‟  011°22‟45.2‟‟  604 4 1 

Okola spring 2 OSS2  04°01‟25.8‟‟  011°22‟41.2‟‟  516 15,5 0,5 

Okola spring 3 OSS3  04°01‟26.8‟‟  011°22‟39.3‟‟  597 10 3 

Okola spring 4 OSS4  04°01‟30.4‟‟  011°23‟00.6‟‟ 596 3 3 

Mbankomo  well 1 BSW1 03°47‟34.6‟‟ 011°24‟21.4‟‟ 757 2 2 

Mbankomo well 2 BSW2  03°47‟25.0‟‟  011°24‟22.6‟‟ 718 2 2 

Mbankomo well 3 BSW3  03°47‟21.9‟‟  011°24‟19.4‟‟ 742 3,7 3,7 

Mbankomo well 4 BSW4  03°47‟21.2‟‟  011°24‟19.7‟‟ 740 6 6 

Mbankomo spring 1 BSS1  03°47‟29.93‟‟  011°24‟05.3‟‟ 728 4 3,3 

Mbankomo spring 2 BSS2  03°47‟36.9‟‟  011°24‟06.1‟‟ 724 7,2 1 

Mbankomo spring 3 BSS3  03°47‟28.5‟‟  011°24‟23.2‟‟ 721 7 11 

Mbankomo spring 4 BSS4  03°47‟17.5‟‟  011°23‟53.1‟‟ 721 8 1 

Mbalmayo well 1 MSW1 03°52‟27.7‟‟ 011°51‟21.1‟‟ 646 2,1 3,8 

Mbalmayo well 2 MSW2 03°52‟30.0‟‟ 011°51‟19.8‟‟ 660 17 15 

Mbalmayo well 3 MSW3 03°52‟32.4‟‟ 011°51‟18.0‟‟ 647 5 1 

Mbalmayo well 4 MSW4 03°52‟44.9‟‟ 011°51‟13.6‟‟ 648 7 6 

Mbalmayo spring 1 MSS1 03°53‟18.4‟‟ 011°51‟51.6‟‟ 646 9,5 1 

Mbalmayo spring 2 MSS2 03°54‟04.8‟' 011°49‟86.0‟‟ 650 7,5 1,87 

Mbalmayo spring 3 MSS3 03°51‟81.9‟‟ 011°50‟57.3‟‟ 645 11 3 

Mbalmayo spring 4 MSS4 03°51‟83.1‟‟ 011°50‟67.9‟‟ 649 2,5 1,8 
Soa well 1 SSW1 03°97‟44.9‟‟ 011°59‟53.6‟‟ 661 7,5 5 
Soa well 2 SSW2 03°98‟54.1‟‟ 011°59‟29.6‟‟ 660 6,5 4 
Soa well 3 SSW3 03°98‟45.1‟‟ 011°59‟21.0‟‟ 671 9 5,3 
Soa well 4 SSW4 03°97‟50.1‟‟ 011°58‟83.9‟‟ 644 6 6 
Soa spring 1 SSS1 03°97‟47.8‟‟ 011°59‟98.9‟‟ 650 7 5 
Soa spring 2 SSS2 03°97‟51.6‟‟ 011°59‟51.7‟‟ 652 17 7 
Soa spring 3 SSS3 03°98‟66.4‟‟ 011°59‟11.9‟‟ 650 3,3 3,3 
Soa spring 4 SSS4 03°97‟52.5‟‟ 011°58‟68.7‟‟ 634 3 3 
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3.2. Soil Factors 

3.2.1. Vertical Variation of pH of the Soil  
The pH values varied from 5.18 ± 1.42 CU (SSS4) to 6.95 ± 0.42 (MSW4) CU on the surface while the pH at 

50cm depth varied from 4.01 ± 1.00 (OSS4) CPU to 7.42 ± 1.00 CU (MSW1) (Figure 1). Overall, the results show 

that the pH values decrease with depth respectively with the average values of 6.11 ± 0.42 CU (0cm) to 5.52 ± 1.00 

CU (50cm). 

 

3.2.2. Vertical Variation of Electrical Conductivity of the Soil  
The electrical conductivity values varied from 23 ± 81.96 µS / cm (BSW4) to 322 ± 81.96 µS / cm (MSW4) at 

the surface (0cm) while the same factor varied from 24.30 ± 47.26 µS / cm (MSW4) CU at 247 ± 47.26 µS / cm 

(OSW4) in 50cm depth (Figure 2). The results show that the electrical conductivity decreases with depth 

respectively with the average values from 127.47 ± 81.96 µS / cm (0cm) to 69.32 ± 47.26 µS / cm at 50cm depth. 

 

3.2.3. Variation in Hydraulic Conductivity 
The values of the Hydraulic Conductivity varied from 9.52 10-6 m /s in the OSW3 station to 8.19 10-5 m /s in the 

BSS3 station with an average of 2.48 10-5 m /s with the difference of 10-1 m/s (Figure 3). 

 

3.3. Variation of Oocysts  

3.3.1. Vertical Variation of Oocyst Density as a Function of Depth 
The densities of the Cryptosporidium (Figure 4) and Cyclospora (Figure 5) oocysts decrease with depth. 

Overall, the oocyst densities of Cryptosporidium are greater than those of Cyclospora. 

 

3.3.2. Spatial Variation of Oocyst Abundance in Function of Soil Depth   
The figure shows a greater variation of the oocysts of Cryptosporidium (Figure 6). from surface to various level 

of depth. The abundance of oocysts decreases with various levels of soil sampling (0cm, 25cm and 50cm). (Figure 7) 

The abundances of Cryptosporidium and Cyclospora oocysts are highly distributed from surface with the greatest 

abundance respectively in BSW1 and MSS1. 

 

3.3.3. Distribution of Abundance in Relation with Various levels of Depth 
The abundance of oocysts varied from 52,61% (Cryptosporidium) in the surface of the ground to 1,34% 

(Cyclospora) at 50cm depth (Table 2). 

 
Table-2. Of oocysts repartition of abundance in relation with various levels of depth 

Levels of depth Cryptosporidium Cyclospora 

0cm depth 52,61% (3930) 21,42% (1600) 

25cm depth 15,26% (1140) 2,41% (180) 

50cm depth 6,96% (520) 1,34% (100) 

 

4. Discussion 
Soil by its properties, plays a crucial role in the protection of the groundwater. The hydraulic conductivity 

results gave an average value of 2.45 10-5 ± 1.73 10-5 m /s showing a character of moderately permeable soils (10-5 

m/s). In accordance of the research of Humbel and Pellier [12] carryout in the central region of Cameroon, the 

vertical hydraulic conductivity is around 10-4 m /s in the last two horizons and 10-6 m/s in the weathering horizon.  In 

addition, the work of Fermin, et al. [15] shows that Hydraulic conductivity values (K: m/s) in the Olezoa watershed 

is. 3.55 × 10-5±0.56 10-5 at 50cm depth. The hydraulic conductivity values obtained in this study show a low spatial 

heterogeneity of the hydrodynamic soil properties (deference of 10-1 m/s) (Figure 3). However, the spatial variability 
of hydraulic conductivity can be used to analyse contamination in the unsaturated zone [16]. 

The presence of oocysts at different levels of soil sampling depth (0cm, 25cm and 50cm) testifies to the 

contamination of the soil with oocysts by infiltration during the process of rain season (SRS). Rain played an 

important role of the spread of oocysts in the soil. In regard to this, runoffs from contaminated soil and sewages are 

mostly important sources responsible for water contamination [17].  This work is also similar to the research 

carryout by Moura, et al. [18] that noted high levels of soil contamination at 5cm by intestinal parasites. These 

results show that the infiltration of oocysts is strongly influenced by hydrodynamic conductivity. In fact, the speed of 

oocysts infiltration may also depend on the rainfall intensity, the granolometry and the porosity of the soil and the 

adsorption of oocysts within the solid matrix. Cryptosporidium oocysts remain inactive longer in loamy soils than in 

clay soils [19, 20]. Although the high plasticity of clays and silts facilitates retention in the soil of Cryptosporidium 

oocysts [20]. The abundances of Cryptosporidium oocysts are respectively 52.61% (0cm), 15.26%(25cm), 
6.96%(50cm) and those of Cyclospora are respectively 21.42%(0cm) 2.41%(25cm), 1.34%(50cm) (Table 2) show a 

decrease in abundance with various level of depth of the ground. This would be due to the protective character of the 

soil against infiltration of microorganisms and also the physico-chemical parameters (electrical conductivity and pH) 

and the characteristics of the soil (structure and texture). Within the framework of this research, we obtained the 

decreasing mean pH and electrical conductivity values of the soil from the surface (0cm) respectively 6.11 CU and 

127.47 µS/cm towards the 50cm depths respectively 5.55 CU and 69.32 µS/cm. But overall the soil has retained its 
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acidic character and may influence the transfer of oocysts. According to various research carryout in the Centre 

region, the mother rock which constitutes the geological substratum of the soil of Yaounde derives from a more or 

less micaceous quartz-feldspathic material [7], the soil has a pH which varies from 4.9 to 5.8 CU [8, 9]. These results 
corroborate the work of Nola, et al. [21] according to which, the slightly acidic character of groundwater in the 

Centre Region is linked to the nature of the soils crossed and that infiltration of bacteria on groundwater depending 

on the nature of each compartment ground layer [22]. In general, densities of oocysts decrease with various levels of 

depth (Figure 4, Figure 5) with the abundances of Cryptosporidium (52,61%) in the surface (0cm depth) greater than 

those of Cyclospora (1.34%) in the 50cm depth. difference of abundance may be due to the small size and their 

resistance cell layer of Cryptosporidium that may facilitate their infiltration through the various layer of soil and 

contaminated groundwater. The abundances of Cryptosporidium and Cyclospora oocysts are highly distributed from 

surface with the greatest abundance respectively in BSW2 and MSS1. This two sampling points are characterizing 

with poor sanitation and hygiene. The sampling point BSW2 is near agricultural activities, housestock and a sopping 

area of Mbankomo in while MSS1 is in a public area of Mbalmayo where people wash their dresses, children play 

around, fetch drinking water resume to the anthropogenic activities. 
One of the factors that influence the survival and transport of pathogenic microorganisms in the soil is soil 

texture [23]. The retention of pathogenic microorganisms is favored by an acidic pH by decreasing (Figure 1), or 

even completely inhibiting, the retention of other pollutants, particularly heavy metals [24]. It appears that pH has 

only a direct effect on the survival and transport of pathogenic microorganisms [25, 26]. The effect of soil pH on the 

transport of pathogenic microorganisms is mainly manifested in the adsorption process [27]. In the soil, minerals can 

have a significant effect on the behavior of Cryptosporidium oocysts [28]. the same way the study of Ajeagah, et al. 

[29] has shown that high concentration of electrical conductivity may inactive the dissemination forms of protozoan 

in the environment. 

These oocysts found in the soil, were found in muds (0cm) and in the groundwater of wells and springs [3]. 

These triple contaminations of its milieu show that the source of contamination from wells and springs is exogenous 

through the opening groundwater and supply of runoffs and surrounding waste or endogenous muds by the process 

of water infiltration coupled with oocysts and underground drainage in case of proximity with toilets due to the lack 
of civil engineering of wells and springs and of building skill of World Health Organization (WHO). Sewage 

seepage through the soil appeared to be the source of contamination of the well water [17, 30]. Cryptosporidium 

oocysts present in animal faeces and muds are transported in groundwater through the soil [3, 25]. In contribution to 

other study [3, 31], environmental parasites (spores, cysts, oocysts, eggs and larvae) can colonize or are disseminated 

in water, mud and soil. 

The resistance of oocysts in the solid matrix such as the soil has become a very important parameter for 

understanding the transfer of these to the underground layer. Indeed, the earth and the vegetation have a protective 

effect on the viability of oocysts: the first reduces the action of physicochemical agents and the second promotes the 

micro-burial of oocysts in the soil. At the same temperature the oocysts persist longer in the soil rather than in water, 

with a preference for loamy fatty earths, rather than clayey or sandy fatty earths [20]. Indeed, at a temperature of 30 

°C, 99 % oocysts lose of their viability after (211 days in water; 336 days in clay soil; 634 days in sandy soil; 1096 
days in loamy soil). Consequently, the accumulation of faeces containing Cryptosporidium oocysts in the soil 

constitutes a reservoir of infective oocysts which, depending on certain climatic and geographical conditions 

(precipitation, slopes), or through spreading of manure, may contaminate surface water [32]. In addition, there is a 

potential transfer of pathogens to the aquatic environment from excrement deposited in meadows during grazing of 

livestock [25]. The faeces of infected animals and humans pollute the environment through livestock manure, feed 

spread on the soil and sewers [30] except of any epidemic context, studies of oocyst behavior and transfer have been 

carried out from naturally contaminated soils and also on artificially polluted soils [25, 28, 33-35]. 

 

5. Conclusion 
This study highlighted the vulnerability of the soil associated with its implication in the contamination of 

groundwater in the sub-urban areas of the Centre Region. The analysis carried out on soil samples at different depth 

levels revealed the contamination of soil with protozoan oocysts. Infiltration of oocysts may be favored by 

Hydraulic conductivity and obstructed by acidic pH of the soil. In general, densities of oocysts decrease with various 

levels of depth with the abundances of Cryptosporidium greater than those of Cyclospora because of their small size 
and their capacity to resist longer in the environment. The pH and electrical conductivity values decreased with 

depth. The hydraulic conductivity shows that the soils are moderately permeable. Indeed, the presence of oocysts in 

the soil reflects a poor sanitation and hygiene the surface layer of the soil, and the anthropic action of human. It is 

noted that this study shows the risk of infiltration of pathogenic germs that may contamination groundwater. It is a 

necessity to reinforce the overriding idea of carrying out actions relating to soil protection. 
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Figure-1. Vertical and spatial variation of pH in the soil 

 
 

Figure-2. Vertical and spatial variation of electrical conductivity in the soil 

 
 

Figure-3. Spatial variability of Hydraulic Conductivity 
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Figure-4. Variation of densities oocysts of Cryptosporidium 

 
 

Figure-5. Vertical variation of densities oocysts of Cyclospora 

 
 

Figure-6. Spatial variation of densities oocysts of Cryptosporidium in function of various depth level 
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Figure-7. Spatial variation of densities oocysts of Cyclospora in function of various depth level 

 
 

Acknowledgements 
The Author gratefully   Acknowledge research funding support by individual. We would like to thanks the 

Laboratory of Hydrobiology and Environment and also Hydrogeology of Yaounde 1 University for the various 

analysis. 

 

References 
[1] Mikkelsen, P. S., Hafliger, M., Ochs, M., Jacobsen, P., and Tjell, B., 1997. "Pollution of soil and 

groundwater from infiltration of highly contamination stormwater a caqe study." Water Science and 

Technologie, vol. 36, pp. 325-330.  

[2] Mikkelsen, P. S., Häfliger, M., Ochs, M., Tjell, J. C., Jacobsen, P., and Boleer, M., 1996. "Experimental 

assessment of soil and groundwater contamination from two old infiltration systems for road run-off in 

Switzerland." The Sciences of the Total Environment, vol. 189, pp. 341-347.  
[3] Ajeagah, G. A., Asi, Q. A., and Okoa, A. T. N., 2018. "Implication of soils around domestic water points in 

the spread of intestinal parasites in the city of Yaoundé (Cameroon)." Journal of Water and Health, pp. 1-

11.  

[4] WHO, 2003. "The World Health Report: shaping the future." Geneva, vol. 27, pp. 1-204.  

[5] Marechal, J. C., Doerfilger, N., Lachassagne, P., and Lamotte, C., 2004. "Étude de bibliographie du 

Cryptosporidium dans les eaux souterraines et proposition d‟une méthodologie d‟évaluation du risque- 

Appicable aux captages AEP en milieu carbonaté dans le département de l‟Ain- rapport final - Rap 

BRGM/RP-53010-FR, Géosciences pour une Terre durable." pp. 1-50.  

[6] Suchel, B., 1972. "La répartition des pluies et des régimes pluviométriques au Cameroun." Travaux Et 

Documents De Géographie Tropicale, vol. 5, pp. 1-288.  

[7] Pelletier, J. L., 1969. "Données générales sur la répartition des principaux types de sol de la région de 

Yaoundé." In Office De La Recherche Scientifiques Et Technique Outre-Mer (Centre Orstom De Yaounde). 
p. 174. 

[8] Bachelier, G., 1959. "Etude pédologique des sols de Yaoundé. Contribution à l‟étude de la pédogenèse des 

sols ferralitiques." Agron. Trop., vol. 14, pp. 279 – 305.  

[9] Yongue-Fouateu, R., 1986. Contribution à l’étude pétrographique de l’altération et des facièsde 

cuirassement ferrugineux des gneiss migmatitiques de la région de Yaoundé.Thèse de Doctorat d’état. 

Université de Yaoundé. 

[10] Ekodeck, G. E., 1984. L’altération de roches meamorphes du sud Cameroun et ses aspects geotechniques. 

Theses de doctorat. Univ. Grenoble I, Frances, p. 368. 

[11] Ndjigui, P. D., Badinane, M. F. B., Nyeck, B., Nandjip, H. P. K., and Bilong, P., 2013. "Mineralogical and 

geochemical features of the coarse saprolite developed on orthogneiss in SW of Yaoundé, South 

Cameroun." J. Afr. Earth Sci., vol. 79, pp. 125-142.  
[12] Humbel, F. X. and Pellier, F. L., 1969. "Porosité, densité et perméabilité des sols ferralitiques rouges et 

jaunes près de Yaoundé." In Office de la Recherche Scientifique et Technique Outre-Mer (Centre OSTOM 

de Yaoundé); série sol, Yaoundé, Cameroun, p. 28. Multigr. p. 28. 

[13] Colombani, J., Lamagat, J. P., and Thiebaux, J., 1973. "Mesure de la perméabilité des sols en place: Un 

nouvel appareil pour la méthode Muntz. Une extension de la méthode porchet aux sols hétérogènes." 

Bulletin des Sciences hydrologiques, vol. 18, pp. 197-235.  

http://arpgweb.com/?ic=journal&journal=16


Journal of Biotechnology Research 

 

49 

[14] Dubreuil, P., 1967. "Détermination des paramètres du sol influant sur le cycle hydrologique dans les bassins 

représentatifs et expérimentaux (Protocoles de mesures." Cah. ORSTOM, sér. Hydrol., vol. 4, pp. 3-18.  

[15] Fermin, A. B., Ndam, J. R. N., Mboudou, G. E., and Ekodeck, G. E., 2016. "Hydrogeological 
characterization of weathered and fissured basement of olezoa watershed in Yaoundé, Cameroun." Revue 

des Sciences de l’ eau, vol. 29, pp. 149-166.  

[16] Xiang, J., Scanln, B. R., Mullican, W. F., Chen, L., and Goldsmith, R. S., 1997. "A multistep constant-head 

borehole test to determine field saturated hydraulic conductivity of layered soils." Advances in Water 

Resources, vol. 20, pp. 45-57.  

[17] Mons, C., Dumetre, A., Gosselin, S., and Moulin, L., 2009. "Monitoring of Cryptosporidium and Giardia 

river contamination in Paris area." Water Res, vol. 43, pp. 211-217.  

[18] Moura, F. T., Falavigna, D. L. M., Mota, L. T., and Toledo, M. J. O., 2010. "Enteroparasite contamination 

in peridomiciliar soil sof two indigenous territories, State of Paraná, southern Brazil." Rev. Panam. Salud 

Publica, vol. 27, pp. 414-22.  

[19] Davies, C. M., Altavilla, N., Krogh, M., Ferguson, C. M., Deere, D. A., and Ashbolt, N. J., 2005. 
"Environmental inactivation of Cryptosporidium oocysts in catchment soils." Journal of Applied 

Microbiology, vol. 98, pp. 308-317.  

[20] Jenkins, M. B., Bowman, D. D., Fogarty, E. A., and Ghiiorse, W. C., 2002. "Cryptosporidium parvum 

oocyst inactivation in three soil types at various temperatures and water potentials." Soil Biology and 

Biochemistry, vol. 34, pp. 1101-1109.  

[21] Nola, M., Njine, T., Kemka, N., Zébazé, Togouet, S. H., Foto, Menbohan, S., Monkiedje, A., Servais, P. , et 

al., 2006. "Retention of staphylococci and total coliforms during wastewater percolation through equatorial 

soil in Central Africa: The role of the soil column near soil surface and that closely above groundwater 

table." Water, Air and Soil Pollution, vol. 171, pp. 253-271.  

[22] Nola, M., Njiné, T., Boutin, C., Messouli, M., Servais, P., Foto, M., Bidjeck, Ngo, M. L., Zebaze, T. S. H. , 

et al., 2014. "Retentionde escherichia coli d‟une eau d‟infiltration en sol équatorial au Cameroun (Afrique 

Centrale) : Rôle de divers horizon du sol." Journal of the Ce,roun Acade,y of Science, vol. 4, pp. 107-116.  
[23] Bitton, G. and Gerba, C. P., 1984. "Groundwater pollution microbiologie: The emerging issue." vol. 11, pp. 

372-374.  Available: https://www.jstor.org/stable/4250855?seq=1 

[24] Dechesne, M., 2002. Connaissance et modélisation du fonctionnement des bassins d'infiltration d'eaux de 

ruissellement urbain pour l'évaluation des performances techniques et environnementales sur le long terme. 

Thèse de doctorat. Lyon : INSA de Lyon, Ordre N° 02 ISAL 097, p. 299. 

[25] Mawdsley, J. L., Bardgett, R. D., Merry, R. J., Pain, B. F., and Theodoru, M. K., 1995. "Pathogens in 

livestock waste, their potential for movement through soil and environmental pollution." Applied Soil 

Ecology, vol. 2, pp. 1-15.  

[26] Jamieson, R. C., Gordon, R. J., Sharples, K. E., Stratton, G. W., and Madini, A., 2002. "Movement and 

persistence of fecal bacteria in agricultural soils and surface drainage water: A Review." Canadian 

Biosystems Engineering, vol. 44, pp. 11-19.  
[27] Kemp, J. S., Paterson, E., Gammack, S. M., Cresser, M. S., and Killham, K., 1992. "Leaching of genetically 

modified pseudomonas fluorescens through organic soils: influene of temperature, soil pH and roots." 

Biology and Fertility of Doils, vol. 13, pp. 218-224.  

[28] Mawdsley, J. L., Brooks, A. E., and Merry, R. J., 1996a. "Movement of the protozoan pathogen 

Cryptosporidium parvum through three contrasting soil types." Biology and Fertility of Soils, vol. 21, pp. 

30-36.  

[29] Ajeagah, G. A., Asi, Q. A., and Nola, M., 2016. "Bioqualité des formes de dissémination des protozoaires 

flagellés entériques dans les eaux souterraines (Sources et Puits) en zone antropisée (Yaoundé-Cameroun)." 

European Scientific Journal, vol. 12, pp. 2:554-557.  

[30] Naciri, M. L. C., 1992. "Importance de la contamination de l'eau." INRA Productions Animales, vol. 5, pp. 

319-327.  

[31] Asi, Q. A. and Ajeagah, G. A., 2020. "Morphological characterization of microsporidian spores in 
groundwater in the Central Region (Cameroon): size-shape relationship and species diversity." Global 

Journal of Bio-Science and Biotechnology, vol. 9, pp. 25-39.  

[32] Soares, A. J., 2003. Epidémiologie des épidémies alimentaires a Cryptosporidium parvum. Thèse de 

Doctorat vol. 1. Lyon: Université Claude Bernard Lyon. p. 130. 

[33] Mawdsley, J. L., 1994. Movement and Survival of the protozoan pathogen Cryptosporidium in three 

contrasting soil types. In: Soil Biota - Management in Sustainable Farming Systems, (Ed. C.E. Pankhurst). 

Melbourne, Australia: CSIRO Press. pp. 87-89. 

[34] Mawdsley, J. L., Brooks, A. E., and Merry, R. J., 1996b. "Use of a novel soil tilting table apparatus to 

demonstrate the horizontal and vertical movement of the protozoan pathogen Cryptosporidium parvum in 

soil." Biology and Fertility of Soils, vol. 23, pp. 215-220.  

[35] Brush, C. F., Ghiorse, W. C., and Anguish, L. J., 1999. "Transport of Cryptosporidium parvum oocysts 
throughsaturated columns." Journal of Environmental Quality, vol. 28, pp. 809-815.  

 

http://arpgweb.com/?ic=journal&journal=16
http://www.jstor.org/stable/4250855?seq=1

