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ABSTRACT 

The quality of hand dug wells in four selected cocoa growing communities in the Dormaa West District in the Brong 
Ahafo Region of Ghana were analysed using standard methods of physicochemical determination as described by APHA. 
Thirty-six (36) water samples were collected from the selected wells at a distance of 0-15m, 15-30 m and above 30 m 
(control). The results of the physicochemical parameters were in the range of; temperature (25.9-27.9 ºC), pH (5.18-
5.82). EC (98.0-198.0 µS/cm), TDS (46.3-65.5 mg/L), TSS (4.00-70.0 mg/L), Turbidity (2.29-63.6 NTU), NO3 (2.20-5.90 
mg/L), NH3 (0.18-1.25 mg/L), PO43- (0.67-0.77 mg/L), Na+ (11.8-18.6 mg/L) and K+ (2.29-4.45 mg/L). All the 
physicochemical parameters analyzed were within the WHO guideline values except turbidity, ammonia and nitrate 
which exceeded the WHO limits at some sampling sites. However, the pH values of all the water samples were below the 
WHO permissible limit except S4 (0-15 m) which was within the permissible limit.  Proper selection of site for the location 
of domestic wells (that is above 30m) in relation to distances from the nearest cocoa farms and proper well construction 
are recommended to reduce contamination of the wells. 
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INTRODUCTION 
Water is vital to our existence in life. Humans for example, can survive for several weeks without food, 
but for only a few days without water. Water quality is fundamental to public health and its functional 
components of the terrestrial ecosystem cannot be over emphasized. Groundwater is therefore an 
important source of drinking water in many rural areas. There is almost a global shortage of water and 
the world’s most urgent and front rank problem today is supply and maintenance of clean drinking water 
[1]. Water quality problems have intensified, in response to the increasing population. Polluted water is 
an important pathway for the spread of diseases. According to WHO [2], diseases contacted through 
drinking water kill about 5 million children annually and make 1/6th of the world population sick and 
about 1.8 million people, mostly children in developing countries die as a result of water related diseases  
Although pipe borne water serves as a drinking source for the study communities, hand dug wells, also 
provides major source of drinking water to residents living in cocoa farms and its environs. Therefore, 
monitoring the quality of hand dug wells in these communities is important and makes it imperative that 
thorough assessments are conducted to evaluate the extent of contamination. Diffuse or non-point 
sources of contamination from intensive agriculture acts as a potential threat to groundwater quality [3]. 
Most common concerns of groundwater quality with respect to human health in rural environment 
include contamination with microorganisms, nitrate and toxic organic compounds [3]. These 
contaminations depend on the distance of the hand dug well to the source of contamination.  
The objective of this study was to analyse the quality of selected hand dug wells in the study communities 
in relation to distance from cocoa farms. The distances were in the range of; 0-15 m, 16-30 m and above 
30 m (control). These distances were chosen because the World Health Organization (WHO) and various 
studies  recommends that hand dug wells should be at least 100ft (30m) away from an agricultural field 
where chemicals (pesticides, fertilizers etc.) are handled [4, 2].  
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MATERIALS AND METHODS 
Study area 
The study was carried out in the Dormaa West District located at the western part of the Brong Ahafo 
Region of Ghana. The administrative capital of the district is Nkrankwanta and it shares boundary with 
Dormaa Central Municipality to the north, Asunafo North Municipality to the east, to the west with La 
Cote D’Ivoire and to the south-west with Bia East District [5]. It lies in the sub-humid climatic zone. The 
total annual rainfall of the region ranges from 800 to 1200 mm with a bimodal rainfall pattern. The 
district is generally an agrarian economy which contributes immensely to the food basket of the country. 
Agriculture is the main source of employment (82%) in the district. The major economic activities in the 
district include the cultivation of food and cash crops (including cocoa), poultry and livestock farming, oil 
palm extraction, cassava processing and sand winning. Soils in the District belong to the Bekwai-Nzema 
compound Associations. The Nkrankwanta Association dominated the south-western section of the 
District. The Nzema series, which are made up of quartz gravels and ironstone are moderately well-
drained. Currently, the soil types within the district tend to support cultivation of both commercial and 
domestic food crops, which include cocoa, coffee, oil palm, citrus, cola-nuts, plantain, cassava and maize. 
The area is well drained as evidenced by the network of rivers spread out within the district. The rivers 
are mostly perennial due to the double maxima rainfall, which is experienced in the area. Notable among 
them are the Bia, Nkasapim and Pamu rivers. These rivers are mostly used as a source of water for the 
cultivation of vegetables such as tomatoes, pepper and okra during the dry season [5]. 

 
Figure 1: Map of Dormaa West District showing selected communities 

 
Water sampling and laboratory analysis 
Four cocoa growing communities namely Nkrankwanta (S1), Diabaa (S2), Krakrom (S3) and Kwakuanya 
(S4) were randomly selected from the district for the study. Water samples were collected from nine (9) 
hand dug wells from four communities monthly from December, 2014 to March, 2015. The water samples 
were selected based on distances to cocoa farms in the range of 0-15 m, 16-30 m and above 30 m 
(control). The water samples were collected into 500 mL plastic bottles which has been soaked and 
washed in 10% nitric acid for 24 h, and rinsed thoroughly with double distilled water and oven dried 
APHA [6] for physicochemical analysis. The samples were well labelled and stored in an ice chest at 4 °C 
and transported to the Ecological Laboratory of the University of Ghana for physicochemical analysis. 
Physicochemical parameters such as pH, electrical conductivity, temperature and total dissolved solids 
were measured in-situ using Horiba Digital Water Quality Checker (model U-50) and multi pH parameter 
probe meter (Model YSI 63). Turbidity was measured using a turbidimeter (Model HACH 2100P) NTU. 
Nitrate (NO3

-), ammonia (NH3), phosphate (PO4
3-) and total suspended solids (TSS) was analyzed using 

HACH direct reading spectrophotometer (Model DR. 2010) in the laboratory. Sodium and potassium ions 
were also analyzed employing flame emission photometric method using Gallenkamp digital flame 
analyser in the laboratory.  
Data analysis 
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Statistical Package for Social Sciences (SPSS) software version 20.0 was used to generate the ranges and 
means for the physicochemical parameters of the water samples. One-way Analysis of variance (ANOVA) 
was used to test for the significant differences and similarities between the physicochemical parameters 
from the various sampled sites. Pearson correlation analysis was used to establish the degree of 
relationship between the physicochemical parameters. The statistical significance tests were carried at 
5% confidence level (p < 0.05). 
 
RESULTS AND DISCUSSION  
Physicochemical parameters of water samples 
Table 1 summarizes the results of the physicochemical parameters of water samples collected from the 
study communities at various distances nearest to cocoa farms. The temperature of water recorded at 
various distances ranged from 25.9 ºC to 27.9 ºC. However, the mean temperature recorded at distance 
16-30m was relatively higher compared to the mean temperature at distance 0-15m and above 30m 
(control). There were no significant differences (p>0.05) in the mean temperature of water at the various 
distances. All water samples analyzed were within the WHO [7] limit of 22-29 ºC except S1 (32.3 ºC) 
which was higher. The variation in the temperature of water could be attributed to the weather that 
prevailed during the period of investigation and groundwater influx. Additionally, this could possibly be 
due to the different depth of wells with which the samples were taken as well as the time of the day. 
The mean pH of water samples measured at the various distances was in the range of 5.18 and 5.82. All 
samples analyzed at the various distances were below the WHO [2] limit of 6.5-8.5, except S4 (6.93) at 0-
15m which was within the permissible limit. There were no significant differences (p>0.05) in pH values 
at the various distances. The pH at the various distances were in the decreasing order of 0-15m>16-
30m>control (30m). The low pH of water samples could be attributed to the presence of acidic cations 
present in soil due to the leaching of basic cations and the presence of high level of organic matter within 
the soil zone. These oxidation of organic matter releases carbon dioxide which reacts with water to 
produce carbonic acid [8, 9]. According to Ansa-Asare et al. [10], the pH of water samples could be 
attributed to the nature of the geology of the area. Figure 2 shows the mean levels of temperature and pH 
at the various distances. 

 

Figure 2: Mean levels of Temperature and pH 

The mean values of electrical conductivity recorded at the study area were in the range of 93.0 to 134.0 
0µS/cm. The mean values of electrical conductivity recorded at 0-15m were comparatively higher than 
the mean values at 16-30m and above 30m (control). Generally, low values of EC were recorded which 
was below WHO [2] guideline limit of 1000 0µS/cm. Conductivity showed no significant difference 
(p>0.05) among the samples at the various distances.  The low values of conductivity recorded indicate 
low concentration of dissolved ions. The low conductivity of the water samples analyzed indicates that 
the water is unable to react with the rock matrix to equilibrium which indicates short resident times as 
observed by Kortatsi [9].  
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The mean total dissolved solids (TDS) of water at the distances ranged from 46.3 to 65.5mg/L. There 
were no significant differences (p>0.05) in the mean values of TDS among distances. Generally, the TDS 
values recorded at the study area were below the WHO [2] guideline limit of 1000 mg/L for drinking 
water, indicating low amount of dissolved organic and inorganic substances in the groundwater samples 
analyzed.  The mean TDS values decreases in the in the order of 0-15m>16-30>control (>30). Figure 3 
shows the mean levels of electrical conductivity and turbidity of water samples at the various distances.  

 

 
Figure 3: Mean levels of Electrical conductivity (EC) and Turbidity 

 
Turbidity values ranged from 2.29 to 63.6 NTU. The values of turbidity was generally higher at 0-15m 
whereas it was lower at (>30m) control. All the water samples analyzed exceeded the WHO permissible 
limit of 5 NTU, except S2 (3.87 NTU) at 0-15m, S4 (1.77 NTU) at 16-30m and S5 (2.29 NTU) at above 30m 
which were below the guideline value. Turbidity showed no significant differences (p>0.05) among the 
distances. The high values of turbidity could be as a result of erosion and surface runoff from cocoa farms 
which were deposited in the well since they are open. It could also be due to the shallowness of the well 
which causes   re-suspension of soil particles when water is withdraw from the well.  
The TSS values of water samples analyzed at various distances ranged from 4.00 to 70.0 mg/L. Although, 
TSS in drinking water does not have WHO guideline limit, it is recommended that it should not exceed 
500 mg/L for drinking water [11]. However, the TSS values recorded were far below the recommended 
limit. There were no significant differences (p>0.05) in TSS among the distances. The low values of TSS 
could be as a result of the filtering capacity of the soil materials.  
 

 
Figure 4: Mean levels of Total Dissolved Solids (TDS), Total Suspended Solids (TSS) and Sodium 

 
According to Akoto and Adiyah [12], nitrate is next to pesticide as the second greatest chemical, which 
threatens surface and groundwater in the world. The values of nitrate measured in water samples were in 
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the range of 2.20 to 5.90 mg/L at the various distances. The mean values of nitrate, recorded at 0-15m 
was relatively higher than those recorded at 16-30m and (>30m) control. All samples analyzed were 
below the WHO limit of 10 mg/L for drinking water except S3 (12.8 mg/L) at 0-15m which was above the 
limit. There was no significant difference (p>0.05) in the concentration of nitrate at the various distances. 
Nitrates are conservative in groundwater, hence, the high concentration in S3 may probably be due to 
leaching and runoff of nitrogen based mineral fertilizers from cocoa farms. The mean levels of total 
dissolved solids, total suspended solids and sodium are shown in Figure 4. 
The concentration of ammonia in water samples analysed ranged from 0.18 to 1.25mg/L. All samples 
analysed were within the WHO limit of 0.5 mg/L for drinking water as reported by Tay [13] except S4 
(3.88 mg/L) at 0-15m and S1 (1.38 mg/L) at 16-30m which was above the limit. The mean concentration 
of ammonia in water at the various distances decreases in the order of 0-15m>16-30>control (>30m). 
There were no significant differences (p>0.05) in the concentration of ammonia at the various distances. 
Ammonia can occur naturally in groundwater and can be produced by the deamination of organic 
nitrogen containing compounds and by the hydrolysis of urea [13, 14]. However, the high levels of 
ammonia recorded at S4 and S1 may be the outcome of leaching from applied fertilizers and/or runoff.  
The concentration of phosphate in water ranged from 0.67 to 0.77mg/L. However, the mean 
concentration of phosphate recorded at 16-30m was higher than 0-15m and above 30m (control). 
Significant differences (p>0.05) were not observed in the concentration of phosphate at the various 
distances of water source. Although there is no WHO guideline value for phosphate, it may be toxic to 
humans at very high levels.   

 

Figure 5: Mean levels of Ammonia (NH3), Phosphate (PO4
-3), Nitrate (NO3-) and Potassium 

The low phosphate levels recorded could possibly be due to adsorption of phosphates on soil colloids.  
The levels of ammonia, phosphate, Nitrate and potassium during the study are shown in Figure 5. 
Sodium concentrations at the various distances ranged from 11.8 to 18.6mg/L. However, the mean 
concentration of sodium recorded at 16-30m was higher than 0-15m and the control (>30m). The values 
of sodium recorded at all sites were within WHO [7] permissible limit of 200 mg/l for drinking water. 
There were no significant differences (p>0.05) in the concentration of sodium at the various distances of 
water source. 
Concentrations of potassium in samples ranged from 2.90 to 4.45mg/L. However, the mean concentration 
of potassium at the various distances decreases in the order of; 0-15m>16-30m>30m (control). There 
were no significant differences (p>0.05) in potassium at the various distances of water source to cocoa 
farms. All the samples analyzed at the various distances were below the WHO [2] permissible limit of 30 
mg/L for drinking water. The concentration Na+ and K+ in water samples analyzed poses no physiological 
effects to consumers.  
Relationship between water physico-chemical parameters analysed 
Relationship between physicochemical parameters of water were analysed using Pearson’s correlation 
matrix (Table 2). Strong positive significant correlations were observed between the following 
physicochemical parameters measured in water: pH was positively correlated with (TDS, NH3 and EC at 
(p<0.05) and with TSS at (p<0.01)). Similarly, EC correlated positively with (TSS and NH3 at (p<0.05) and 
with TDS (p<0.01)). TDS on the other hand correlated positively at (p<0.05) with (TSS and NH3). 

0
2
4
6
8

10
12
14

S1 S2 S3 S4 S1 S2 S3 S4 S5

0 – 15m 16-30m Above 30 
m   

P
ar

am
et

er
 (

m
g/

L)

Sample sites and distance from cocoa farms

NH3 PO43- NO3- Potassium

Okoffo et al 



RJCES Vol 4 [1] February 2016                     87 | P a g e      © 2016 AELS, INDIA 

Temperature was also positively correlated with (Turbidity at (p<0.01) and K+ at (p<0.05)). Similarly, TSS 
correlated positively (p<0.01) with (NH3). Finally, Turbidity correlated positively (p<0.05) with (K+).  

 
Table 1 : Summary of physico-chemical characteristics of water samples from the study area 

Distance (m) 0-15m 16-30m Above 30m Total p-value WHO 

Parameters   Range Mean± SD Range Mean± SD Range Mean± SD Mean ± SD   

Temperature(ºC) 25.3-26.4 25.9±0.41 25.9-32.3 27.9±2.31 26.0-28.0 27.2±1.16 27.0±0.72 p >0.05 22-29 

pH 5.05-6.93 5.82±0.62 5.34-5.86 5.54±0.17 4.80-5.42 5.18±0.33 5.51±0.23 p >0.05 6.5-8.5 
Conductivity (µS/cm) 73.0-233.0 134.0±54.4 74.0-198.0 129.0±41.5 60.0-148.0 93.0±47.5 118.7±15.8 p >0.05 1000 

TDS (mg/L) 36.0-110.0 65.5±25.0 37.0-98.0 64.3±20.5 30.0-73.0 46.3±23.3 58.7±7.61 p >0.05 1000 
Turbidity (NTU) 3.87-205.0 63.6±23.3 1.77-121.0 41.2±6.21 1.25-2.87 2.29±0.91 35.8±21.9 p >0.05 5 

TSS (mg/L) 6.00-277.0 70.0±26.8 3.00-126.0 40.0±5.45 2.00-6.00 4.00±2.08 38.0±23.4 p >0.05  

Nitrate (mg/L) 1.00-12.80 5.90±3.80 2.90-6.50 4.00±1.30 0.40-4.00 2.20±0.87 4.03±1.31 p >0.05 10 

Ammonia (mg/L) 0.17-3.88 1.25±0.56 0.32-1.38 0.66±0.37 0.15-0.22 0.18±0.04 0.69±0.38 p >0.05 0.5 

Phosphate (mg/L) 0.49-1.22 0.75±0.25 0.48-1.22 0.77±0.26 0.32-1.04 0.67±0.36 0.73±0.04 p >0.05  
Sodium (mg/L) 7.10-17.5 11.8±3.38 10.4-26.2 18.6±5.05 12.2-26.2 17.1±7.86 15.8±2.53 p >0.05 200 

Potassium (mg/L) 1.90-6.70 4.45±1.54 1.10-6.10 3.30±1.61 2.40- 2.90±0.67 3.55±0.57 p >0.05 30 

SD=Standard deviation, TDS=Total dissolved solids, TSS=Total suspended solids 
 
Table: 2 Values of Pearson’s correlation between water physicochemical parameters 
  EC pH TDS Temp TSS Turbidity NO3

- NH3
 PO4

3- Na+ K+ 

EC 1.000 
          pH 0.708* 1.000 

         TDS 0.999** 0.684* 1.000 
        Temp -0.015 -0.051 0.011 1.000 

       TSS 0.658 0.881** 0.632 0.199 1.000 
      Turbidity 0.044 0.170 0.055  0.885** 0.441 1.000 

     NO3- -0.065 -0.126 -0.078 0.179 0.272 0.392 1.000 
    NH3 0.748* 0.910** 0.719* -0.012  0.970** 0.236 0.193 1.000 

   PO43- -0.152 0.083 -0.149 0.587 0.183 0.549 -0.222 0.066 1.000 
  Na+ 0.460 0.034 0.478 0.224 0.058 0.053 -0.326 0.101 0.304 1.000 

 K+ 0.103 0.311 0.119 0.654 0.284 0.701* -0.206 0.145 0.432 -0.014 1.000 

*Correlation is significant at the 0.05 level (2-tailed) ** Correlation is significant at the 0.01 level 
(2-tailed)  

EC=electrical conductivity, TDS=Total dissolved solids, Temp=Temperature, TSS=Total suspended solids, NO3-

=Nitrate, NH3=ammonia PO43-=Phosphate, Na+=Sodium and K+=Potassium 

 
CONCLUSION AND RECOMMENDATION 
The study revealed that the concentrations of most of the physicochemical parameters of the water 
samples analyzed in relation to distance of hand dug wells to cocoa farms were of good quality. However, 
the mean concentrations of pH recorded at all the sites at the distance categories were found to be below 
the World Health Organization (WHO) guideline except Kwakuanya (S4) at distance 0-15m. Also, the 
mean values of turbidity recorded at all the  sites at the distance categories exceeded the WHO guideline 
value except Diabaa (S2), Kwakuanya (S4) at distances 16-30m and S5 at distances >30m (control). In 
addition, the mean value of nitrate recorded at Krakrom (S3) at distance 0-15m was found to be above 
the WHO guideline value. Also, the values of ammonia recorded at Kwakuanya (S4) at distance 0-15m and 
Nkrankwanta (S1) at distance 16-30m exceeded the World Health Organization (WHO) guideline value. 
The mean values of pH, turbidity, nitrate and ammonia recorded could be attributed to the geology of the 
study area as well as leaching and runoff from cocoa farms to wells. Proper site should be selected for the 
location of domestic water wells (that is above 30m) in relation to distances from the nearest cocoa farms 
and proper well construction should be ensured to reduce contamination of the wells. 
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