Evaluation of Water Pollution by Cattle Manure in the Locality of Mbang-Foulbe, Adamawa, Cameroon.


ABSTRACT
[bookmark: _Hlk183334164]The anarchic growth of the cattle herd in the locality of Mbang – Foulbe, is not correlated the expansion of the pastoral space. Compared to a normal exploitation (which foresees a load of 0.5 to 1 head per hectare), this result may characterize an overgrazing pattern which is combined with a significant accumulation of cattle manure, leading to a serious environmental problem. The present study was undertaken to determine the impact of cattle breeding on water characteristics. In this regard, the first sampling campaign was carried out in the dry season and consisted of only surface and groundwater sample. Which were analyses for the presence of nitrates. Then, the second sampling campaign was carried out in the raining season to determine the source of pollution such as: OM, NO2-, NO3-, NH4+, PO42- in the water. From the water analysis, the well (P1) has the highest nitrate and orthophosphates content 41.864±0.152 mg/L and 9.21±0.66 mg/L respectively. The well (P2) records the highest levels of organic matter and ammonia nitrogen 7.14±0.12 mg/L and 2.583±0.003 mg/L respectively. Principal component analysis shows that the P1 and P2 wells have nitrate and nitrite concentrations exceeding the standards for water for human and bovine consumption. Principal component analysis shows that the P1 and P2 wells have nitrate and nitrite concentrations exceeding the standards for water for human and bovine consumption.	Comment by Utilisateur Windows: Replace period with comma	Comment by Utilisateur Windows: to be replaced with the passed participle.(analyzed)	Comment by Utilisateur Windows: Eliminate (twice)
Keywords: cattle breeding, nitrates, nitrites, ammonia nitrogen, orthophosphates.	Comment by Utilisateur Windows: Alphabetical order to be considered
1- INTRODUCTION
Located in the northern part of Cameroon, the Adamawa region is a transition zone between the dense forest of the South and the savannah of the North. One of the most popular activities in this region is the cattle breeding, with a herd estimated at 3.5 million head. Cattle breeding contribute around 38% of national beef production [1].  The locality of Mbang Foulbe, cover an area of ​​approximately 500 km², with a cattle herd which is estimated to approximately 6,075 head and are distributed for around 12.15 head / km2 [1,2]. Over time, there has been an uncontrolled increase in the local cattle herd. The increase in the number of heads has not been accompanied by the enlargement of the pastoral space, though, there has been a decrease due to constructions and agricultural activities [3,4]. Compared to a normal farm (which provides for a load of 0.5 to 1 head per hectare) [1], there is a problem of overgrazing which is characterized by a significant accumulation of bovine manure on the soil compartment of the environment. Moreover, the appearance of the eutrophication phenomenon is linked to the presence of ammonia nitrogen and orthophosphates in surface water which might have an impact on the food chain. The health risks associated with the presence of nitrites and nitrates in water and food should not be neglected [5]. The long-term impact of pastoral activities might primarily lead to   which is caused by a large quantity and excess of cattle manure, and secondly to the pollution of surface water by runoff and underground water through infiltration [6]. The locality of Mbang – Foulbe has a shortage of drinking water and drilling in sufficient quantity. Given the fact that it is the predominant activity in the locality, cattle breeding, is believed to be the primary source of this pollution [7]. The lack of drinking water points in some places forces the villagers to content with river water and wells (for washing and for housework). The vegetation is replaced by grass not palatable by the cattle such as Sida Rhombifolia [8]. The objective of this work is to assess the impact of cattle breeding on the soils and waters of the locality of Mbang – Foulbe. More specifically to access the effect of cattle breeding on the quantity of nitrogen, carbon and phosphorus produced by cattle manure and their accumulation in soil and water. 	Comment by Utilisateur Windows: To be eliminated (out of order)	Comment by Utilisateur Windows: Replace with assess
2- MATERIAL AND METHODS
2-1- Presentation of the study site: Mbang Foulbe:
Mbang – Foulbe is a Veterinary Zootechnical Center located in the department of Vina (Fig. 1). This locality is located at an average altitude of 1100 m, between 13° 30' and 13° 46' East longitude and 07° 30' and 7° 35' North latitude. The piezometric level of the wells is on average 09 m (flood season) and 11 m (low water season) [1]. The livestock system is grazing, improved or natural [9].
2-2- Investigation:
A survey was carried out in order to determine the different breeding systems practice in the Mbang Foulbe locality. It consisted of an interview with the operators using a questionnaire. Henceforth, the questions focused on the number and management method of the livestock yards as well as the mode of management of water resources for drinking and the various water-borne diseases that affect local residents, etc.
[image: C:\Users\Dell\Pictures\Mbang Foulbe.png]
Fig. 1. Location map of the study area.
2-3- Sampling:
The sampling campaign was carried out in two stages: the first was in early November (end of the rainy season), which consisted of taking water samples only. Obtaining high levels of global pollution parameters in groundwater, allowed us to carry out a second sampling of soils and water (water surface and groundwater) in early March (end of the dry season), for confirmation of the source of pollutants in groundwater.
2-3-1- Water sampling:
For surface water, two rivers were sampled: Mayo Mamoum (R1) and Mayo Madol (R2). One sample was collected in each river. This is obtained after mixing six samples to obtain a representative sample. As for groundwater, four (04) wells and two (02) unique boreholes in the village were chosen. The characteristics of these samples have been recorded in Fig. 2. For subsequent physico-chemical analyzes, the samples were stored in bottles (plastic) of 1.5 L volume, washed, wrapped in a vacuum material, labeled and kept in coolers area at a temperature less than 4 °C.
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Fig. 2. The location map of the different water and sampling points.
2-3-3- Summary of information on water samples:
Table 1 highlighted the information on water samples.
Table 1. Information on water samples
	Samples
	Code
	Number of Sample
	Period of Sampling and sampling depth.
	Geographic Coordinate

	
	
	
	1st Sampling
	2nd   Sampling
	

	
	
	
	Date 
	Depth
	Date 
	Depth
	

	Surface water
	Mayo Madol
	R1
	2
	11/2023
	1 m
	03/2024
	0.40 m
	E013°32’
N07°31’

	
	Mayo Mamoum
	R2
	2
	11/2023
	1 m
	03/2024
	0.28 m
	E013°35’
N07°33’

	Ground water
	Well located on cattle market
	P1
	2
	11/2023
	2.5 m
	03/2024
	7m
	E013°33’
N07°31’

	
	Well located on slaughterhouse
	P2
	2
	11/2023
	3 m
	03/2024
	7 m
	E013°34’
N07°32’

	
	Well located next to the public school
	P3
	2
	11/2023
	12 m
	03/2024
	16 m
	E013°38’
N07°31’

	
	Well located in the city center
	P4
	2
	11/2023
	13 m
	03/2024
	17 m
	E013°40’
N07°31’

	
	Drilling near the great mosque
	F1
	2
	11/2023
	90 m
	03/2024
	90 m
	E013°39’
N07°30’

	
	Drilling near the hospital
	F2
	2
	11/2023
	90 m
	03/2024
	90 m
	E013°40’
N07°31’


Sources: Surveys, Action-DIX, 2008.
2-4- Physico-chemical analysis:
The following physico-chemical parameters: Temperature, pH, electrical conductivity at 20 °C, calcium and magnesium content, chloride content, organic matter in water samples were determined respectively according to the methods of [10] by the complexometric.	Comment by Utilisateur Windows: Add a comma
2-5- Chemical Analysis
The determination of manganese in water samples was accessed by the ammonium persulfate method. The iron was dissolved in the water samples then was determined by spectrophotometry. The sulfates in water were determined by the photometric method. The indophenol blue method was used to determine the concentration of ammoniac nitrogen in our samples. The sodium salicylate method was used to determine the nitrate content of our samples. Spectrophotometry is the method used to determine the orthophosphate content of our samples. [10].
2.6. Statistical analysis	Comment by Utilisateur Windows: This part must be detailed
3- RESULTS AND DISCUSSION
3-1- Temperature, pH, Conductivity
The water temperature varies very little for both groundwater and surface water. For surface waters, the minimum 22.73 °C was obtained in Mayo Mamoum (R1) while the maximum was obtained in Mayo Madol (R2) 25.10 °C. For groundwater, the temperature varies from 23.47 °C (P1) to 25.80 °C (F1) (Table 3). These results are similar to those obtained by FAO (2023) (23.6 °C and 26 °C) on the waters of the locality of Tripoli and the results of [1], obtained on the waters of Mayo Faouni (20.45 °C) and Mayo Yao (28.45 °C), area located in the same region. Thus, the temperature obtained at different sampling points complies with international standards for surface water which allow a maximum value of 25 °C [10].
The pH of the water in the locality is between 4.53 (P3: city well) and 8.66 (F1: borehole near the hospital) (Table 2). This pH is close to 8.5, a characteristic value of water which is consumed by human and cattle [10-11].  There is not a significant difference (P < .05) in the pH of the water between and among the sampling points. In regard to the seasonally, there is a significant difference (P < .05).Table 3 shows that in November, we have the highest pH (late rainy season). And in March, we have low pH values ​​(dry season). We expected a drop in pH during the rainy season. Because rainwater, with its acidic pH and its dilution effect, is responsible for the drop in pH, whereas in the dry season, the water is generally stagnant. This promotes biological activities and the increase in pH [2]. We have rather an increase in pH in the rainy season and a decrease in the dry season. These results can be explained by the fact that in the dry season, herders, for the subsistence of their cattle, bring them back to the city. We are therefore moving from the pure pastoral system to the mixed system. And generally, cattle yards are built very close to streams, to facilitate watering. During watering, the cattle, thanks to their slurry, acidify the rivers. This therefore shows this lowering of pH in the dry season. At the level of wells P1 and P2, we do not have a significant difference (P < 0.05) in pH at for the different seasons. This is explained by their geographical location (located next to the slaughterhouse and the cattle market). These two wells are in permanent contact with animal waste. Hence their constantly declining pH.	Comment by Utilisateur Windows: Instead of a full stop, insert a comma  	Comment by Utilisateur Windows: Hence with small character
The conductivity of water is an indicator of the state of mineralization linked to the presence of anions and cations. The conductivity of the water studied is between 1.60 µs (P4) and 81.33 µs (F1) (Table 3).  A non-significant difference (P> .005) was recorded on the effect of the season on the conductivity, with the month of November exhibiting the lowest values and the highest values been recorded in March. In contrast, there was a significant difference (P <.05) between the other sampling points and the F1 point with higher conductivity. This is explained by the presence of calcium, magnesium and bicarbonate in large quantities compared to the other points. This content could be linked to the nature of the soil [12]. From the results obtained, it can be observed that the rainy month has low conductivities while the drought month has high conductivities (Table 3). Through the leaching caused by the rains, one would expect to obtain an increase in conductivity during the rainy season in rivers. Because the rainwater would accumulate in the rivers, by leaching the anions and cations coming from the slopes. It is not, one can think that the reduction of the conductivity during the rains would result from the dilution by the rainwater. Independent of the seasons and the sampling points, the water has a conductivity of less than 200 µs, as such, considered as weakly mineralized water [10-13].
3-2- Calcium and magnesium concentration in water:
Like anions, cations such as Ca, Mg, contribute to the mineralization of these waters. The low calcium and magnesium values ​​are around 12 (R2) and 5.89 mg/L (R2) respectively. And the highest levels of calcium and magnesium are respectively 40.30 mg/L (P4) and 18.80 mg/L (P4) (Table 3). Given these results, waters are poor in calcium, because of the drinking water contains up to 140 mg/L of Ca and the magnesium content is less than 15 mg/L [10]. The presence of calcium and magnesium in these waters is almost similar to that present in the waters of Mayo Belel [1]. The same is true for that present in the Garonne River, the content of which varies from 41.4 mg/L to 43.0 mg/L [14]. We noted a significant difference (p <0.05) between the hardness of the higher groundwater and that of the surface water which is less. This difference could come from the quality of the soil [1]. 
3-3- Concentration of bicarbonates and chlorine in water:
The HCO3- and Cl- contents in water vary from 5.45 to 60.37 mg/L and from 1.05 to 25.80 mg/L respectively, values ​​well below the minimum values ​​(1000 mg/L and 250 mg/L) recommended for drinking water [15]. In general, the increase in anions in water results in an increase in pH. The contents of these elements are, like the conductivity, (Table 2) higher in the dry season (Table 2). As we said above, the presence of bicarbonates in high quantity will have an impact on the conductivity. The significant difference observed between borehole water and other sampling points could be explained by the fact that this groundwater is trapped in limestone aquifers. When this water is pumped, it carries clay particles with it, which in turn will increase the bicarbonate content.
3-4- Concentration of Organic Matter in water:
The organic matter content varies according to the water sampling points and according to the sampling seasons. A significant difference (P <.05) was observed between surface water and borehole water (Table 2). The highest levels were observed in the dry season and the lowest in the rainy season. Further, the P2 well records the highest organic matter contents (7.3 mg O2/L) and the F2 borehole records the lowest levels (0.3 mg O2/L). On average, surface water and well water have above normal organic matter content of 4 mg O2/L. This shows that these waters are of poor quality for consumption. The high organic matter content in well and river water is explained by the presence of organic matter-producing activities all around these water points. The presence of organic matter in these waters would have the consequence of promote microbial development and therefore lead to an increase in pH.	Comment by Utilisateur Windows: Present participle instead of verb (promote)
3-5- Concentration of orthophosphate and sulphates in water:
The phosphate and sulphate content vary greatly depending on the water point (Table 3). A significant difference was obtained at the 5% threshold between water from wells and rivers on the one and water from wells and boreholes respectively. The contents of orthophosphates in water vary from 0.25 (F2) to 9.21 mg/L (P1). That of sulphates varies from 1.355 (F1) to 22.070 mg/L (R1). For surface water and that of wells, the orthophosphate content is higher than normal which provides for a concentration of less than 0.7 mg/L [10].	Comment by Utilisateur Windows: Varies instead of vary  (content)	Comment by Utilisateur Windows: Add hand 	Comment by Utilisateur Windows: On the other hand, instead of respectively
The contents of orthophosphates are higher in the P1 and P2 wells than for the rivers and boreholes (Table 3). Given the position of these two wells, these results show that pastoral activities constitute an important source of pollution by phosphates. These results are similar to those obtained (7.7 mg/L) by [16], on untreated wastewater from Marrakech in Morocco, it is the same for those obtained by [17], on raw wastewater (8.7 mg/L) subjected to treatment by high-efficiency Lagooning. Finally, the results obtained on river water, with regard to the phosphate content, are similar to those obtained by [1] on Mayo Faouni. This leads us to say that phosphate is one of the elements that contribute significantly to the degradation of rivers (eutrophication phenomenon). The highest sulphate contents are found in well water, followed by river water, then well water (Table 3). These results are comparable to those obtained (1.45 mg/L at 28.39 mg/L) by [1] on the waters of Mayo Belel in Belel town. The results obtained on well water show that it contributes significantly to the enrichment of the water in sulphates. However, it emerges from these results that sulphates are not a nuisance because surface water can contain up to 300 mg / L [10]. For borehole water, the sulphate content is 1.355 mg/L (F1) to 2.360 mg/L (F2). These levels are acceptable for drinking water which provides for a sulphate content of 50 mg/L [18].	Comment by Utilisateur Windows: River water instaed of weel water 	Comment by Utilisateur Windows: Well water instead of river water	Comment by Utilisateur Windows: Borehole water instead of well water
3-6- Iron and manganese in water:
The iron content varies significantly at different water points (Table 3). A significant difference (P <.05) was obtained reflecting the influence of the seasons on the variation of the iron concentration in the different environments (surface water and groundwater). For borehole water, the iron content ranges from 0.10 mg/L (F1) to 0.20 mg/L (F2). It evolves from 0.14 mg/L (P2) to 4.55 mg/L (R2) for surface water and wells. These levels are quite high compared to those obtained (0.3 - 3.3 mg/L) by [1] on the waters of. The presence of iron in the water would be linked to the strong erosion of the soil in the area observed by [9]. Moreover, the iron content of these waters is higher than that generally encountered in surface waters (0.05 mg/L) [10]. In addition, it does not comply with American and European standards which recommend 0.1 mg/L and 0.4 mg/L as an approximate limit to overcome household inconveniences [10]. It therefore emerges that iron constitutes an important parameter of water pollution. In the river R2, the high iron content can be explained by the fact that this Mayo can be considered as an outlet. All runoff finds refuge in this stream. The locality's soils are therefore eroded and the products resulting from their degradation are found accumulated in this river.	Comment by Utilisateur Windows: 
Manganese is weakly present in both surface water and groundwater (Table 3). These results are comparable to those obtained by [1] on the waters of Mayo Founi and Mayo Belel in Tourningal and Belel Towns. The low manganese content is linked to the poverty of the land crossed by runoff. However, it is not negligible and can contribute to the degradation of the quality of these waters since surface water most often contains less than 0.05 mg/L [10].
3-7- Nitrite and Nitrate in water:
The nitrate content varies greatly from one sampling point to another (Table 3). A significant difference (P <.05) was obtained between points R1, R2, P3, P4 and P1, P2 reflecting the influence of pollution sources on these water points. However, this variation would also be linked to the denitrification which can take place in each site depending on the importance of denitrifying bacteria [1]. Nitrites evolve in water from 0.844 mg/L (P3) to 9.450 mg/L (P1). As for nitrates, they evolve from 2.733 mg/L (R1) to 41.864 mg/L (P1). These nitrate concentrations are higher than those obtained (0.16 - 1.07 mg/L) by [19] in the waters of some Oued Seybouse of North – East of Algeria. This could be due to the location of the different sampling points in relation to the sources of pollution. The presence of nitrates in groundwater (Table 3) could be due to the high concentration of nitrate in local soils. Because breeding, one of the dominant activities of the locality, through the excrements and bovine urine produced in large quantities, pollute the soil. The water tables in turn are polluted by water infiltration.
From these results, it emerges that bovine droppings contribute in a non-negligible way to the pollution of water by nitrates.
Surface water can contain up to 25 mg/L of nitrates [10]. Nitrates are therefore a nuisance for these waters. Given the growth of pastoral activity in the locality, over time, it will be a source of pollution for these waters [12]. However, coupled with phosphates, they can contribute to their degradation because nitrates and phosphates are the main elements responsible for the eutrophication of surface water [10].
3-8- Ammoniacal nitrogen in water
The organic animal and plant matter of the rivers can lead to a high content of ammoniacal nitrogen [20]. The variation of ammoniacal nitrogen with the season is presented in Table 3. With a weak circulation of river water in the dry season, the development of significant vegetation would lead to a decrease in the O2 dissolved in the water and consequently ammoniacal nitrogen [21]. The accumulation of organic matter therefore takes place in the rainy season while its degradation takes place in the dry season, hence the negative correlation between the levels of organic matter and ammoniacal nitrogen. For the present work, despite the significant contribution of organic matter during the rainy season, the N-NH4+ content is lower compared to the month of March when the drop in organic matter and the contribution of O2 would favor the decomposition of organic matter with production of N-NH4+. However, the higher N-NH4+ values ​​in March in the well water show us that several other parameters would contribute to the elevation of the N-NH4+ in the water. From Table 3, for example, we observe that whatever the month or the season, it is at the level of wells P1 and P2 (located respectively at the slaughterhouse and at the cattle market) that the N-NH4 contents are higher. It is therefore very likely that the faeces, urine and stomach contents of cattle contribute to the increase in N-NH4+ [22]. It is regrettable to note that the ammoniacal nitrogen contents which vary between 0.047 and 2.583 mg/L (Table 3) are largely above the minimum recommended value which is 0.5 mg/L. [10]. The harmfulness of this well water would be justified by the appearance and development of germs, algae and fungi in the water [10] with a drop in dissolved O2.
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Table 2: Physical parameters and concentrations of minerals and organic matter in the water samples.
	[bookmark: _Hlk313798395]Parameters
	R1
	R2
	P1
	P2
	P3
	P4
	F1
	F2

	Temperature °C
pH
	T 1
	20.73±0.58a
	25.10±0.18ab
	23.47±0.21ab
	25.37±0.40ab
	24.50±0.46a
	24.47±0.42a
	25.80±0.26b
	24.37±0.40a

	
	T 2
pH 1
	22.03±0.85a
	28.70±0.30ab
	27.77±0.21ab
	27.80±0.26ab
	27.80±0.20a
	26.70±0.30a
	26.80±0.20b
	24.73±0.25a

	
	
	5.57±0.25a
	6.03±0.15ab
	5.67±0.25ab
	5.67±0.25ab
	4.53±0.21a
	5.07±0.21a
	5.87±0.15b
	480±0.20a

	
	pH 2
	7.67±0.06a
	8.16±0.14ab
	6.82±0.11ab
	6.86±0.05ab
	6.36±0.05a
	6.22±0.03a
	8.66±0.06b
	6.56±0.06a

	Electrical conductivity (µS/Cm)
	Cond 1
	13.23±0.25a
	43.00±1.00ab
	8.13±0.32ab
	10.00±0.10ab
	30.43±0.51a
	1.60±0.53a
	81.00±1.00b
	5.80±0.20a

	
	Cond 2
	13.83±0.76a
	50.33±1.53ab
	9.77±0.32ab
	12.97±0.25ab
	32.03±1.05a
	3.73±0.25a
	81.33±153b
	7.97±0.45a

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Ca (mg/L)
	Ca 1
	12.0±1.12a
	18.45±1.12ab
	29.37±0.64ab
	22.31±0.96ab
	23.10±0.53a
	36.32±0.4a
	30.25±2.24b
	31.60±1.12a

	
	Ca 2
	14.1±1.06a
	20.40±1.08ab
	33.12±0.50ab
	2130±0.90ab
	25.91±0.64a
	40.30±0.4a
	29.80±1.12b
	32.50±1.12a

	Mg (mg/L)
	Mg 1
	5.89±0.68a
	8.57±0.92ab
	14.59±0.68ab
	10.4±0.68ab
	13.26±0.14a
	18.29±0.68a
	15.15±0.29b
	15.94±0.68a

	
	Mg 2
	6.30±0.50a
	8.92±0.32ab
	15.19±0.62ab
	12.4±0.72ab
	14.26±0.20a
	18.80±0.54a
	14.17±0.14b
	13.78±0.20a

	HCO3- (mg/L)
	HCO3- 1
	9.97±0.30a
	10.08±1.15a
	6.15±0.30a
	5.45±0.46a
	7.7±0.08a
	8.7±0.3a
	54.37±0.04b
	45.26±0.44a

	
	HCO3- 2
	10.67±1.06a
	13.08±0.20ab
	8.60±0.40ab
	7.45±1.06ab
	10.07±0.24a
	10.1±1.1a
	60.37±1.04b
	50.18±0.26a

	Cl (mg/L)
	Cl 1
	23.07±0.51a
	22.85±0.02ab
	15.85±0.33ab
	19.4±0.69ab
	17.42±0.53a
	10.4±0.68a
	1.05±0.2b
	2.51±0.43a

	
	Cl 2
	26.15±0.50a
	27.80±0.02ab
	17.85±1.33ab
	22.4±0.71ab
	19.42±0.73a
	11.4±0.70a
	1.30±0.02b
	2.90±0.13a

	OM (mg O2/L)
	OM 1
	3.3±0.14b
	3.04±0.19b
	4.3±0.14b
	5.34±0.34b
	2.9±0.28b
	3.16±0.04ab
	0.5±0.01a
	0.7±0.08a

	
	OM 2
	5.2±0.17b
	5.04±0.14b
	7.3±0.02b
	7.14±0.12b
	6.2±0.24b
	4.0±0.14ab
	0.3±0.02a
	0.5±0.04a

	Fe (mg/L)
	Fe 1
	2.95±0.07a
	2.61±0.01ab
	1.98±0.00ab
	1.85±0.07ab
	2.39±0.01a
	0.14±0.01a
	0.10±0.01b
	0.14±0.01a

	
	Fe 2
	4.30±0.14a
	4.55±0.07ab
	3.05±0.02ab
	3.35±0.07ab
	5.55±0.07a
	2.03±0.01a
	0.15±0.00b
	0.20±0.01a

	Mn (mg/L)
	Mn 1
	-
	0.02±0.01ab
	0.03±0.01ab
	-
	-
	0.09±0.01a
	0.07±0.02b
	-

	
	Mn 2
	-
	0.12±0.01ab
	0.10±0.01ab
	-
	-
	0.10±0.01a
	0.12±0.01b
	-

	
	
	
	
	
	
	
	
	
	

	♣ Values with the same letters are not significantly different. at P=.05


Table 3: Concentration of Orthophosphates, Sulphates, Nitrates, Nitrites and Ammoniacal Nitrogen in water
	Parameters
	R1 (surface water)
	R2(surface water)
	P1 wellcattlemarket
	P2well slaughterhous
	P3weel public school
	P4weel city center
	F1Drilling mosque
	F2drilling hospital

	 (mg/L)
	 1
	2.39±0.07c
	3.02±0.07c
	8.66±0.07bc
	7.70±0.07abc
	1.67±0.10ab
	1.32±0.13ab
	0.56±0.07a
	0.25±0.07a

	
	 2
	2.48±0.07c
	3.76±0.66c
	9.21±0.66bc
	8.23±0.07abc
	2.67±0.99ab
	1.74±0.03ab
	0.60±0.06a
	0.16±0.66a

	 (mg/L)
	 1
	19.05±0.02c
	18.77±0.03c
	8.03±0.03bc
	7.65±0.01abc
	2.94±0.02ab
	4.46±0.02ab
	1.355±0.049a
	1.775±0.035a

	
	2
	22.07±0.01c
	20.25±021c
	10.85±0.07bc
	10.03±0.04abc
	4.48±0.03ab
	6.79±0.01ab
	1.700±0.141a
	2.360±0.057a

	 (mg/L)
	1
	0.62±0.01a
	0.67±0.07a
	9.38±0.07c
	7.88±0.27c
	0.84±0.01a
	1.22±0.03a
	6.76±0.21bc
	1.48±0.01ab

	
	 2
	0.64±0.01a
	1.02±0.02a
	9.45±0.03c
	8.47±0.01c
	0.92±0.01a
	1.23±0.01a
	6.92±0.01bc
	1.50±0.01ab

	 (mg/L)
	 1
	2.73±0.03a
	2.97±0.30a
	41.54±0.30c
	34.90±1.21c
	3.74±0.06a
	5.41±0.12a
	29.97±0.91bc
	6.57±0.06ab

	
	 2
	2.82±0.03a
	4.53±0.09a
	41.8 ±0.15c
	37.51±0.06c
	4.06±0.03a
	5.46±0.06a
	30.63±0.03bc
	6.66±0.06ab

	N (mg/L)
	N 1
	0.05±0.00a
	0.07±0.00ab
	1.60±0.00ab
	2.41±0.00ab
	0.33±0.00a
	0.34±0.00a
	0.04±0.00b
	0.24±0.02a

	
	N 2
	0.30±0.00a
	0.32±0.01ab
	1.32±0.00ab
	2.58±0.00ab
	0.06±0.00a
	0.18±0.00a
	0.05±0.03b
	0.25±0.00a

	♣ Values with the same letters are not significantly different. at P=0,05



3-9- Correlation study and principal component analysis:
In order to better observe the correlation that exists between the different elements on the one hand and that between the elements and the sampling areas on the other hand, we did a principal components analysis. This will allow us to see in which sample the elements are more concentrated.
The interpretation of the results of the principal component analysis (PCA) carried out on the eight (08) samples (water) focused mainly on the first 2 principal components (axes). The Eigen values ​​of the PCA carried out indicate that the first principal component (axis 1) explains 36.57% of the total inertia, and the second principal component (axis 2), 31.58% of the total inertia, i.e. total of 68.14%. The Circle of Communities of the F1-F2 factorial plane (Fig. 3) (a) indicate that nitrites, nitrates, ammoniacal nitrogen, orthophosphates are strongly correlated to the F1 axis and positively (forming the first group). While chlorides, sulfates, calcium and magnesium are moderately correlated on the F2 axis. Chlorides and sulfates are positively correlated (forming the second group); calcium and magnesium are negatively correlated (forming the third group) [23].
Given these results, there is a relationship between these elements. If we take group 1, it shows that the elements of this group could come from the same source of pollution. Who here is the animal excrements and the urine. As for Fig. 3 (b), which informs us on the distribution of the elements according to the sites, we can say that the site P2 is the site which abounds the high contents of nitrites, nitrates, ammoniacal nitrogen and orthophosphates. This is confirmed by its position (located at the slaughterhouse) and by the activities that take place around the well. Anions (sulphates and chlorides) are more concentrated in surface water. More precisely in the waters of mayo Madol. We note a strong correlation between bicarbonates and conductivity. This allows us to confirm the link that exists between the two elements, a link already mentioned above.(a)

(b)












Fig. 3.  (a) Circle of communities of the F1-F2 factorial plane; (b) Distribution of elements according to sites.
4- CONCLUSION AND PROSPECTS
[bookmark: _GoBack][bookmark: _Hlk183259602]Our work was part of an environmental risk assessment perspective linked to cattle farming. Its objective was to assess the impact of cattle breeding on the waters of Mbang-Foulbe (Adamawa – Cameroon). At the end of this work, it emerges that from some of the physicochemical parameters studied, the values obtained in the dry season are higher than those obtained in the raining season. Likewise, we observe high concentrations of nutrients (PO42-, NO2-, NO3-, NH4+) in surface water and those of wells P1 and P2. Groundwater has high concentrations of mineral elements such as (Ca2+, Mg2+, HCO3-). There is also a presence of nitrates in groundwater. The high levels of Organic Matter in these waters in the dry season would tend to promote microbial development and therefore lead to an increase in pH. We observe high conductivity in the groundwater (drilling F2) linked to the presence of some mineral elements in the environment. Principal component analysis shows that the P1 and P2 wells have nitrate and nitrite concentrations exceeding the standards for water for human and bovine consumption.
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ABSTRACT


 


The anarchic growth of the cattle herd


 


in the locality of Mbang


 


–


 


Foulb


e
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is 


not 


correlated 


the expansion of the 


pastoral space. Compared to a normal 


exploitation (


which foresees a load of 0.5 to 1 head per hectare), this 


result 


may 


characterize an


 


overgrazing


 


pattern which is c


ombined w


ith a significant accumulation of cattle 
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anure


, leading to a 


serious environmental problem


. The presen
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study 
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to determine


 


the 


impact of cattle breeding on water
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In this regard
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the


 


first sampling 


campaign was carried out 
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Which
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in the water. 
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41.
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0.66 mg/L respectively
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L and 
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respectively.
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wells have nitrate and nitrite concentrations 
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INTRODUCTION


 


Located in the northern part of Cameroon,


 


t


he Adamawa 


region


 


is a transition zone between the dense forest of 


the South and the savannah of the North. One of the most popular activities in this region is 


the 


cattle breeding, 


with a herd estimated at 3.5 million head. 


Cattle breeding contribute


 


ar


ound 38% of national beef production 


[1]


.


 


 


T


he locality of Mbang Foulbe


, cover an area of 


approximately 500 km²,


 


with 


a cattle


 


herd 


which 


is es


timated 


to 


approximately


 


6,075 head


 


and are


 


distribut


ed for 


around 12.15 head / km


2


 


[1


,2


]
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Over time, t


here has


 


been


 


an 


uncontrolled increase in the local cattle herd. Th


e


 


increase in the number of heads has not been accompanied 


by the enlargement of the pastoral space, 


though,


 


there has been


 


a decrease due to constructions and 


agricultural activities 


[3,4]


.


 


Compared to a normal farm (which provides for a load of 0.5 to 1 head per hectare) 


[1]


, 


there is a problem of overgrazing


 


which is characterized


 


by 


a significant accumulation of bovine manure on 


the soil compartment of the environment. 


Moreover, t


he appea


rance of the eutrophication phenomenon 


is 


linked 


to the presence of ammonia nitrogen and orthophosphates in surface water


 


which might have 


an impact


 


on the 


food chain. The health risks associated with the presence of nitrites and nitrates in water and food


 


should not be 


neglected 


[5]


.


 


The long


-


term impact of p


astoral activities 


might primarily lead 


to


 


 


 


which is


 


caused by


 


a large 


quantity and excess of cattle manure, and 


secondly to the 


pollution of surface water by runoff and underground 


water 


through 


infiltration


 


[6]


.


 


The locality of Mbang 


–


 


Foulb


e


 


has a shortage of drinking water


 


and drilling


 


in 


sufficient quantity. Given 


the fact that it is 


the predominant activity in the locality, 


cattle 


breeding, is believed to 


be the 


primary 


source of this polluti


on 


[7]


.


 


The lack of drinking water points in some 


places


 


forces the 


villagers 


to 


content with


 


river


 


water and wells (for washing and for housework). 


T


he vegetation is replaced by grass not 


palatable by the


 


cattle 


such as 


Sida Rhombifolia


 


[8]


.


 


The objective


 


of this work is to assess the impact of cattle 


breeding on the soils and waters


 


of the locality of Mbang
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F


oulbe


. More specifically to 


access


 


the effect of 


cattle breeding on


 


the quantity of nitrogen, carbon and phosphorus produced by cattle manure and 


their 


accumulat


ion


 


in 


soil and water
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Presentation of the study site: Mbang Foulb


e


:


 


Mbang 


–


 


Foulb


e


 


is a Veterinary Zootechnical C


enter located in t


he department of Vina (


Fig


.


 


1). This locality is 


located at an average alt


itude of 1100 m, between 13° 30


'


 


and 13° 46' East longi


tude and 07° 30


'


 


and 7° 35' 


North latitude. The piezometric level of the wells is on average 09 m (flood season) and 11 m (low water 


season) 


[1]
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The livestock system is grazing, improved or natural 


[9]
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Investigation


:
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survey


 


was carried out in order to 


determine


 


the different breeding systems


 


practice


 


in 


the Mbang


 


Foulbe 


locality


. It consisted of an interview with the operators using a questionnaire. 


Henceforth, the


 


questions focused 
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