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Abstract: This study investigated the physiochemical parameters in hand dug wells in Burutu L.G.A. in Delta State. A 

total of five selected hand dug wells samples were analyzed using standard methods. The observed physiochemical 

parameters were colour, odour, temperature, pH, conductivity, alkalinity, turbidity, total hardness, total dissolved solid 

(TDS), total suspended solid (TSS), BOD, COD, nitrate (NO5), phosphate (PO
3-

4) and sulphate (SO
2-

4). The results of the 

hand dug wells water ranged concentrations are: Temperature (23 - 25
O
C), pH (5.94 - 7.22), conductivity (45.00 - 1870.00  

µs/cm), alkalinity (0.80 - 35.20), total hardness (60.06 - 132.13 mg/l),TDS (20.00 - 1140.00 mg/l), TSS (30.00 - 1140.00 

mg/l), BOD5 (11.52 – 400 mg/l), COD (284.00 - 1060.00 mg/l), NO3 (0.88 - 6.00 mg/l), PO
3-

4 (0.01 - 2.47 mg/l) and SO
2-

4 

(0.69 - 13.78 mg/l). The high concentration of some parameters shows contamination of the hand dug well water, since they 

exceeded WHO standard for drinking water. This may cause some health risks on the end user. Therefore the water should 

be thoroughly treated before usage. 
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1. Introduction 

Good quality water (portable water) is defined as water 

that is free from diseases producing micro-organisms and 

chemical substances harmful to health (Iwuozor and Irabor, 

2010). The use of water is an indispensable natural resource 

on earth. Every human being on earth needs clean and safe 

drinking water for use. Water is life and without it life 

would be non-existent. It is therefore, the desire of every 

individual regardless of their social or economic status to 

have access to clean and safe drinking water. Thus, water is 

an important parameter of environmental science since it is 

indispensable to human life. The quality of water is 

important in environmental studies because of its daily use 

for human consumption and its ability to transport 

pollutants. At the end of 2000 United Nations Millennium 

Summit, member states of which Nigeria is one adopted a 

set of eight (8) goals and related targets and indicators 

aimed at helping end to human poverty (Sachs and 

McArthur, 2005). Among these millennium Development 

Goals is a call to halve by the year 2015 the proportion of 

persons without sustainable access to safe drinking water 

and basic sanitation in developing nations. 

The occurrence of pollutants in drinking water poses a 

serious challenge of meeting the UN target of access to safe 

drinking water in developing nations and also challenge of 

health hazard, when these radionuclides are taken to the 

body by ingestion (Damla et al., 2006). 

Water is obtained from a number of sources; some of 

which are ponds, lakes, streams, underground wells, and 

springs. A major source of water in both rural and urban 

areas is groundwater (Gupta et al., 2009). In Burutu town, 

groundwater is the most important source of supply for 

domestic, drinking and other purposes. Increase necessities 

of increasing population have lead to the deterioration of 

sub-surface water (Saravanakumar and Kumar, 2011). A 

large percentage of the populace in developing countries 

die annually due to water borne diseases such as cholera, 

typhoid, diarrhea, etc (WHO, 2008). 

The water supply for human consumption in Burutu is 

often directly sourced from underground water without any 

physical or biochemical treatment. The water used for 

domestic purposes should be free from toxic elements, 

living and non- living organisms and excessive amount of 
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minerals that may be harmful to health. Groundwater 

through hand-dug wells can be contaminated by soil 

particles eroded during heavy downpours on which water 

impairing substances like nitrates and phosphates are 

washed into the wells (Taiwo et al., 2011). All the 

underground wells in Burutu are exposed to the air thereby 

making them prone to contamination from particulate 

matters in the air. Thus, the need to look for some useful 

indicators, both physical and chemical which can be used to 

monitor Burutu underground well water for drinking and 

domestic purposes arose. This result of study will provide a 

baseline data for future water quality monitoring. 

 

Fig1. Map of Burutu: Showing the study locations. Insert: Map of Nigeria 

2. Materials and Methods 

2.1. The study Area 

Burutu town is an island, an ancient town and the 

headquarters of Burutu local government council of Delta. 

It lies within Longitude 5
0
 33E and Latitude 5

0
 19N. It is 

built on two sides of Forcados River, a tributary of the 

Niger River delta, 20 miles (32 km) upstream from the 

Bight of Benin see (figure 1). It is characterized by a hot 

humid climate (29
O
C) with an average annual rainfall of 

1700 mm. It is a rural community whose main occupation 

is fishing and petty trading. The inhabitants of Burutu town 

depend mainly on hand-dug wells for their household and 

other domestic purpose. There is no pipe borne water in 

Burutu town in Burutu Local Government Area of Delta 

State. 

This town covers a geographical area of 3 square 

kilometers with a population of about 26,626 people (NPC 

Census, 2006). 

2.2. Sample Collection and Analysis 

Water samples were collected randomly from five (5) 

hand-dug wells in Burutu, Delta State using standard 

sample collection methods. The samples were collected in 

1000ml plastic bottles, sealed, labeled and taken to the 

laboratory for analyses. The samples were subjected to 

various laboratory analysis using standard procedures 

(APHA, 1992). 

 



136  Esi E.O. et al.:  Evaluation of Physiochemical Parameters in Hand-Dug Wells Water in Burutu, Delta State, Nigeria 

 

3 .Results and Discussion 

Table 1:  Physiochemical Parameters of Hand Dug Wells Water in Burutu Town 

S/No Parameters 
Desomatec 

quarters 
Amber quarters Kalaroo quarters Chicoco quarters 

Okorodudu 

quarters 

1. Colour Not clear Clear Clear Clear Clear 

2. Odour Inoffensive Inoffensive Inoffensive Inoffensive Inoffensive 

3. Temperature 24OC 24OC 23OC 25OC 24OC 

4. pH 7.22 6.61 5.94 6.39 6.32 

5. Conductivity 1870.00 940.00 900.00 679.00 45.00 

6. Alkalinity 35.00 20.00 9.20 9.20 0.80 

7. Turbidity 0.80 0.40 0.40 0.40 0.40 

8. Total Hardness 120.12 132.13 110.11 80.08 60.06 

9. TDS 1140.00 680.00 650.00 580.00 20.00 

10. TSS 40.00 30.00 1140.00 80.00 100.00 

11. BOD5 400.00 12.80 160.00 12.80 11.52 

12. COD 1060.00 156.00 584.00 548.00 284.00 

13. NO3 0.88 3.62 6.00 2.56 0.88 

14. PO3
-4 1.89 0.01 0.01 2.47 0.10 

15. SO2
-4 13.78 0.69 13.78 1.38 0.69 

Table 2: Comparison of mean concentrations of values hand-dug wells values with WHO standard 

S/No Parameters Min Max Mean 
WHO Standard 

2007 

1. Colour Clear Clear Clear Clear 

2. Odour inoffensive Inoffensive Inoffensive 5 unit 

3. Temperature 23OC 25OC 24OC - 

4. Ph 5.94 7.22 6.40 6.50-8.5 

5. Conductivity 45.00 1870.00 886.80 250 

6. Alkalinity 0.80 35.20 30.72 500 

7. Turbidity 0.40 0.80 0.54 25.00 

8. Total Hardness 60.06 132.13 100.50 500 

9. TDS 20.00 1140.00 614.00 500 

10. TSS 30.00 1140.00 278.00 500 

11. BOD5 11.52 400.00 119.42 0.1-2 

12. COD 284.00 1060.00 335.6 - 

13. NO-3 0.88 6.00 2.79 - 

14. PO3
-4 0.01 2.47  2.88 - 

15. SO2
-4 0.69 13.78 6.06 20 

WHO, 2003*; WHO, 2004** Guideline. 

Table 1 and 2 shows the values of various 

physiochemical parameters determined from the sampled 

hand dug wells of various location and minimum, 

maximum and mean values in Burutu town in Burutu Local 

Government Area of Delta State, Nigeria. 

Geological speaking, the colouration of Desomatech 
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quarters sample was due to sedimentation of the 

environment over the years. This is because of 

decomposition of biological materials in the subsurface 

sample. Temperature has been known to have effects on 

other parameters like dissolved oxygen and also toxicity of 

metals (Awofolu et al., 2007). The temperatures are lower 

than the commission of European Community (1988) 

maximum standard for temperature for drinking water of 

25
O
C, except sample from Chicoco quarters with 

temperature of 25
O
C. The colour of sampled wells water 

are clear except sample from Desomatech quarters which is 

not clear and this can be attributed to depth of the well and 

the run-off water. The sampled wells are all inoffensive. 

The pH of the sampled hand dug wells water ranged 

from 5.94 - 7.22 with mean value of 6.40. WHO pH 

standard for drinking water is 6.5 - 8.5 (WHO, 2007). 

When compared, the pH values of the hand dug wells of 

Desomatech and Amber quarters falls within the WHO 

standard for drinking water, but Kalaroo quarters, Chicoco 

quarters and Okorodudu quarters are lower than the WHO 

standard as showed in fig. 2, it indicate that these wells are 

acidic in nature and this may be attributed to acidic nature 

of the soil composition and the acid rain due to gas flaring 

in the study area. The pH of water may affect the solubility 

and bioavailability of other substances in water (EPA, 

2003). 

 

Fig. 2: Comparison of pH concentration levels with standard. 

Conductivity of water is a measure of total salt content in 

water (Morrison et al., 2001). The conductivity 

concentration values of the hand dug wells water ranged 

from 45.00 µs/cm - 1870.00 µs/cm with mean value of 

886.80 µs/cm. In drinking water, WHO standard for 

conductivity is 250 µs/cm (WHO, 2003). When compared, 

the conductivity obtained results are all higher than the 

WHO standard except Okorodudu quarters with obtained 

values of 45.00 µs/cm as showed in fig.3. These high 

conductivity concentration values can affect both human 

and aquatic life negatively in the community. The alkanity 

concentration values ranged from 0.80 mg/l - 35.20 mg/l 

with mean value of 30.72 mg/l. When these obtained results 

are compared with WHO permissible standard limit value 

of 500 mg/l, the obtained result falls within the WHO 

standard limit for drinking water as showed in fig.4. 

 

Fig. 3: Comparison of conductivity concentration levels with standard. 

 

Fig. 4: Comparison of alkalinity concentration levels with standard. 

Total Hardness of water is usually due to the presence of 

multivalent metal ions, which come from minerals 

dissolved in the water (Taiwo et al., 2011). Water hardness 

standard for  drinking water is 10 - 500 mg/l (Marier et al., 

1979; WHO, 2007). The general accepted classification of 

hardness in drinking water in terms of Calcium carbonate  

(CaCO3) are as followed 0 - 7 mg/l as soft, 75 mg/l - 150 

mg/l as moderately hard and 150 mg/l and above as hard 

water (Nduka and Orisakwe,). Based on these three 

classifications of water hardness, the obtained results that 

ranged from 60.06 mg/l - 132.13 mg/l with mean value of 

100.50 mg/l can be interpreted as follows: Okorodudu 

quarters as soft water, Desomatech quarter, Amber quarters, 

Kalaroo quarters and Chicoco quarters as moderate hard 

water. Also all the samples are below WHO standard 

acceptance limit for drinking water as shown in fig.6. 

Hardness does not pose significant health effect on human. 

 

Fig. 5: Comparison of turbidity concentration levels with standard. 
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Fig. 6: Comparison of total hardness concentration levels with standard. 

The total dissolved solid (TDS) values of the hand dug 

wells water sampled ranged from 20.00 mg/l - 1140.00 

mg/l with mean value of 614.00 mg/l. WHO standard for 

drinking water is 500 mg/l (WHO, 2007). When compared 

the obtained results values with that of WHO standard  

shows that TDS values for Desomatech quarter, Amber 

quarters, Kalaroo quarters and Chicoco quarters are all 

higher than the WHO standard permissible limit, except 

Okorodudu quarters which is below the WHO standard as 

shown in fig.7. The high concentration of TDS could 

results into corrosions. 

 

Fig. 7: Comparison of TDS concentration levels with standard. 

 

Fig. 8: Comparison of TSS concentration levels with standard. 

The total suspended solid (TSS) concentration values 

ranged from 30.00 mg/l - 1140.00 mg/l with mean value of 

278.00 mg/l. In drinking water, WHO standard for TSS is 

500 mg/l (WHO, 2007). When compared, the TSS obtained 

results are all lower than the standard permissible limit of 

drinking water except Kalaroo quarters which has obtained 

value of 1140.00 mg/l as shown in fig.8. The high 

concentration of TSS in Kalaroo quarters can be attributed 

to run-off water. The high TSS in this well could be 

dangerous to human health hence it is not advisable for 

consumption without proper filtering and treatment. 

Biochemical oxygen demand (BOD5) is the measurement 

of the dissolved oxygen used by microorganisms in the 

biological oxidation of organic matter (Obot et al., 2008). A 

high BOD therefore indicates the presence of large amount 

of organic pollution caused by microbial organisms in 

water (Villa-Elena, 2006). The concentrations of BOD 

ranged from 11.52 mg/l - 400 mg/l with mean value of 

119.42 mg/l. WHO standard for drinking water ranged from 

0.1-2 mg/l (WHO, 2004). When compared, the BOD 

obtained values from all the wells are all higher than the 

WHO standard permissible limit for drinking water as 

shown in fig.9. 

 

Fig. 9: Comparison of BOD5 concentration levels with standard. 

The chemical oxygen demand (COD) concentration 

values ranged from 284.00 mg/l - 1060.00 mg/l with mean 

values of 335.6 mg/l. These obtained results when 

compared with FEPA standard guideline with value 40mg/l 

(FEPA, 1991), it shows that all the well water results are 

above the FEPA standard. 

Nitrate (NO
3-

), the most highly oxidized form of 

Nitrogen compounds is commonly present in surface and 

groundwater because it is the end product of the aerobic 

decomposition of organic nitrogenous matter (Akinbile and 

Yusoff, 2011). Nitrate has its values ranged from 0.88 mg/l-

6.00 mg/l with mean value of 2.79 mg/l. Comparing these 

obtained results with WHO standard maximum limit of 10 

mg/l (WHO, 2003), it shows that nitrate in all the wells 

falls below WHO standard, hence it does not impose 

significant health problem on both animal and human. 

Nitrate in water is dangerous to human health when it is 

either equal to or above 10 mg/l concentration as it causes a 

condition known as methemoglobinemia or blue body 

disease in infants under the age of three to six months. 

Other aliments associated with high nitrate concentration 

are diarrhea and respiratory diseases (Ward et al., 2005). It 

has been suggested that long term exposure to drinking 

water, nitrate at levels below the maximum contaminant 

level (10 mg/l) is not associated with pancreatic cancer, but 

high levels of nitrate and nitrosamines in drinking water 
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have be associated with increased mortality, cancer and 

lesions (Nduka and Orisakwe, 2009). 

Phosphate is toxic to both animals and humans at 

extremely high levels and could cause digestive problems 

(D, Amelio, 2007). Phosphate results obtained ranged from 

0.01 mg/l-2.47 mg/l with mean value of 2.88 mg/l, which 

does not exceed the WHO standard stipulated tolerance 

level of 5.0 mg/l for drinking water when compared (Long 

and Balogun, 2010). 

The concentration of sulphates in the hand dug wells 

ranged from 0.69 mg/l - 13.78 mg/l with mean value of 

6.06 mg/l. WHO sulphate standard for drinking water is 

20.00 mg/l (WHO, 2007). When compared the WHO 

standard with the obtained results, it shows that all the 

wells obtained result falls below the WHO standard as 

shown in fig.10. 

 

Fig. 10: Comparison of SO2
-4 concentration levels with standard. 

4. Conclusion 

This study has shown that physiochemical parameters in 

Burutu Community hand dug wells water generally contain 

high concentrations of pollutants except the concentration 

of the physiochemical parameters (temperature, alkalinity, 

turbidity and PO
3-

4) which are within the standard 

permissible limit. These can be attributed to run-off water, 

water intrusion from the sea and gas flaring contaminated 

rain water due to gas flaring around the community that 

enter into the hand dug wells. However, the results 

indicated dangerous health effect to both human and 

animals if the surrounding hand dug wells water are used 

for domestic purposes. As a result of the high 

concentrations of physiochemical contamination of water 

from the hand dug wells, health problem such as such as 

typhoid fever, cholera, diarrhea, hepatitis, worm infestation 

etc. are imminent when such water is consumed in its 

present state. 

In Nigeria, borehole water supply is regarded as safe 

drinking water as most middle class of socio-economic 

strata rely on this source of water supply. Hence 

Government should undertake a proper groundwater 

exploration project in Burutu community and provide well 

treated borehole water for residents of the community. 
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