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 Access to safe and affordable drinking water is a fundamental 

human right, and it is crucial for achieving sustainable 

development goals. The study precisely focused on the impact of 

soak away pit effluent on groundwater quality. Groundwater was 

sampled from five spatial points with different proximities from 

soak away pits, and their potability degree was determined in 

accordance with standard approved procedures. The results 

obtained from the laboratory test shown that the physiochemical 

properties of the water samples ranged thus: dissolved oxygen 

from 4.14 - 6.03 mg/L, turbidity from 0.31 - 0.75 NTU, total 

dissolved solid between 13.80 and 32.1 mg/L , nitrate from 1.37 

to 7.30 mg/L, and the salinity from 10.09 - 21.97 mg/L. Similarly, 

the heavy metals level in the water samples varied this this 

pattern: cadmium - below detectable level (BDL) to 0.001 mg/L, 

copper - from 0.03 to 0.54 mg/L, Fe between 0.07 and 1.25 mg/L, 

lead - from BDL to 0.001 mg/L, zinc from 0.08 to 1.33 mg/L, and 

sodium  from BDL – 1.3 mg/L. Likewise, the results depicted that 

the  water samples collected from the four of the five spatial 

points, that were close to the soak away pits contained high 

population of bacteria and coliforms. These results highlight the 

effect of discharge from human waste on groundwater quality, and 

the importance of considering the proximity of constructing solid 

waste management system close to source of domestic water 

supply. This will reduce the risk of water-borne diseases and 

protecting the quality of water supplies. 
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1. Introduction 

Water is one of the essential requirements for human and socioeconomic development worldwide. 

Water is an indispensable material for domestic, agricultural, industrial and transportation 

processes. Hence, the Sustainable Development Goal number 6 recognized water as of the factors 

needed to achieve sustainable growth and development [1]. The movement of groundwater within 

the earth crust in highly dependent on the hydraulic characteristics and physical structure of the soil 

and underlying rocks. The geological structure of the underlying rocks - faults, fractures, and folds 

- significantly affect subsurface water flow, as the act as potential pathways or barriers to 

underground water movement. High pervious materials – coarse grained soil and gravel - allow easy 

water flow more than impervious materials such as fine grained soils - clay and silt [2]. 
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Pollution stands out as a significant factor that pose a significant threat to water (surface and 

subsurface) quality globally [3]. Groundwater pollution can result from anthropogenic and non-

anthropogenic actions through the percolating of contaminated effluents through the soil profile, 

and eventually pollute the groundwater [4, 5]. The major anthropogenic activities that usually lead 

to massive pollution of the environment include: improper disposal of industrial wastes; agricultural 

chemicals - fertilizers pesticides, and herbicides, poor sewage management structure; petroleum 

exploration and refining activities, and solid minerals extraction activities [6, 7]. Crude oil 

exploration, extraction, refining and distribution operations could lead to spills of petroleum 

products, and these pollutants have the capacity of contaminating the soil, surface and subsurface 

bodies [8]. 

 

Sewage leachate is responsible for most pathogenic microbial pollution of water bodies, as the 

leachate from sewage (including soak away pits) contains significant amount of pathogenic 

microorganisms. Pathogenic microorganisms (Escherichia coli, Norovirus, Salmonella spp., 

Shigella spp., Vibrio cholera, Cryptosporidium spp and Giardiasis) found in soak away effluent can 

cause serious and chronic waterborne diseases such as: diarrhea, dysentery, typhoid fever, cholera 

and abdominal cramps [9-12].  Soak away pits effluent can seep into the water aquifer depending 

on the permeability of the soil and depth of the water table, leading to the contamination of the 

aquifer which serves as groundwater reservoir for both domestic and commercial purposes [13-16].  

Previous researches had showed the impact of poor waste management system on water qualities 

[4, 5, 17-19]; but there is information dearth on the influence of soak away pit leachate on the 

groundwater quality of Delta State University of Science and Technology (DSUST), Ozoro Nigeria. 

Therefore, this research was conducted to appraise the consequences of soak away pits on the 

groundwater quality around DSUST student residential hostels and faculty of engineering premises. 

Information obtained from this research will contribute immensely, to addressing water quality 

challenges associated with waste disposal in the university's vicinity. 

 

2.0. Materials and Method 

 

2.1. Description of the study area 

This research was streamlined to the confined of DSUST located in Ozoro community of Delta 

State, Southern Nigeria. DSUST is located in rainforest vegetation zone of Nigeria, and has two 

distinct climatic seasons (rainy and dry season) with mean annual rainfall of approximately 1700 

mm [5]. Geologically, the university community has Global Positioning Systems (GPS) coordinates 

of latitude 5.549o N and 5.570o N, and longitude 6.241o E and 6.249o E. DSUST is susceptible to 

seasonal flooding which occurs during the rainy season, while the topsoil is mainly modified alluvial 

type with moderate infiltration rate. The major anthropogenic activities in the university are sewage 

from residential and administration buildings, agricultural operations and solid waste dumpsites 

[20]. Borehole water is the major source of domestic and laboratory water source within the school, 

and most of these boreholes are sited without proper environmental factors assessment.   

 

2.2. Water sampling  

The groundwater was sampled from five boreholes within the faculty of engineering and student 

hostels environs in DSUST, during the rainy season (June) of 2023. A GPS device was used to take 

the geological coordinates of all the spatial points. The description of the sample points are 

summarized in Table 1. All the sampling points are prone to very high water table using the rainy 

season. The water was taken directly from the borehole (and not from the storage tank) directly into 

sterilized plastic containers (Figure 1). All the specimens were coded accordingly, placed inside an 

ice cooled container and taken immediately to the laboratory, for physicochemical, heavy metals 

and microbial load analyses.  
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Table 1: Description of the sample points  

Spatial point  Geographical coordinates Remarks  

Point A Lat. 5.5590N; Long 6.2490E 5 m away from the soak away pit, with 
poor sanitary condition  

Point B Lat. 5.5590N; Long 6.2500E 15 m away from the soak away pit   

Point C Lat. 5.5580N; Long 6.2510E 10 m away from the soak away pit, with 
poor sanitary condition   

Point D Lat. 5.5610N; Long 6.2490E 20 m away from the soak away pit   

Point E Lat. 5.5610N; Long 6.2490E 40 m away from the soak away pit   

Point F Lat. 5.4660N; Long 6.2060E 500 m away from the soak away pit, 
agricultural activities  

 

 

 
Figure 1: Collection of a water sample from a point proximate to soak away pit 

 

2.3. Laboratory analysis  

 

2.3.1. Physicochemical analysis 

A turbidity meter (model: HF Scientific M100+, manufactured in America) was employed to 

measure the water turbidity in accordance with ASTM D7315 procedure [21]; the water dissolved 

oxygen (DO) was determined in agreement with ASTM D888 guidelines [22]; biochemical oxygen 

demand (BOD) was tested in harmony with ASTM D6238 procedure [23]; total dissolved solids 

(TDS) and hardness levels of the water were measured by adhering to ASTM D5907 and ASTM 

D1126 recommendations, respectively [24, 25]. The laboratory Multi-Meter (model SKU: TS-

T910) was used to determine the DO, BOD, TDS and hardness of the water specimens. 

Consequently, the chloride was tested in accordance with ASTM D512 [26], nitrate content was 

measured in agreement with ASTM D3867 [27], phosphate and sulphate levels in the water were 

determined by using the chromatography technique as described by Odiyo [28]. 

2.3.2. Determination of the heavy metals concentration 
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The water was digested before the measurement of the heavy metals level in the water. During the 

digestion, the water was sifted with a 0.45µm gauge filter paper, and 100 mL of the water was 

acidified five drops of nitric acid to stabilize the metal content, and evaporated to 15 mL volume in 

a water bath [29]. After digestion, the iron, nickel, copper, sodium lead, and cadmium concentration 

in the water sample were measured in accordance with ASTM International procedures, by using 

the Atomic Absorption Spectrophotometer (AAS). The laboratory tests were carried out at ambient 

laboratory temperature of 28±4°C. All tests were done in triplicate and the average values recorded. 

 

2.3.3. Microbial Load Analysis 

The specimens total bacteria and coliform count were determined in harmony with American Public 

Health Association “APHA” approved procedures for testing water and wastewater [5, 30]. 

 

3.0. Results and discussion  

 

3.1. Physicochemical parameters 

 

Table 2 presents results of the physicochemical analysis of the water sampled from the five spatial 

points. The results depicted that across the five spatial locations, the water dissolved oxygen (DO) 

varied from 4.14 to 6.03 mg/L, turbidity ranged from 0.31 to 0.75 NTU, total dissolved solid 

fluctuated between 13.80 and 32.1 mg/L , nitrate varied from 1.37 to 7.30 mg/L, and the salinity 

ranged from 10.09 to 21.97 mg/L. The results indicated that despite the variation in the parameters 

concentration, their levels in the water fell below the maximum permissible limits approved by 

WHO for drinking water. The higher nitrate content and lower DO levels recorded in the water 

sampled from Location A and C can be linked to the impact of the leachate from the soak away pit 

on these parameters. Discharge from organic materials – particularly human waste- tends to reduce 

the dissolve oxygen content, and increase the nitrate concentration of water bodies [5]. Similarly, 

Lwimbo [31] in the research into the influence of human-induced activities on water potability stated 

that, leachate associated with the discharge from organic materials and agricultural activities greatly 

increased the concentration nitrate and other physiochemical parameters of water bodies.  

 

Table 2: The physicochemical parameters of the water samples    

Spatial point Physicochemical parameters 

 DO 
(mg/L) 

Turbidity 
(NTU) 

TDS Hardness 
(mg/L) 

Nitrate 
(mg/L)  

Salinity (mg/L)  

A 5.44 0.31 13.80 28.0 7.30 15.95 
B 6.03 0.56 14.55 17.73 5.10 21.07 
C 4.85 0.62 28.76 27.55 5.49 19.94 
D 4.14 0.75 45.98 23.09 3.00 17.48 
E 6.70 0.71 35.30 32.1 1.37 13.33 
F 5.12 0.44 22.01 29.43 4.63 10.09 

WHO [38]  5.0 500 500 10.0 100 
 

3.2. Heavy metals (HMs) concentration  

The results of the HMs level in the water aquifer are given in Table 3. The HMs concentrations 

recorded across the six spatial points varied thus: Cd from below detectable level (BDL) to 0.001 

mg/L, Cu from 0.03 – 0.54 mg/L, Fe between 0.07 and 1.25 mg/L, Pb from BDL – 0.001 mg/L, Zn 

from 0.08 to 1.33 mg/L, and Na from BDL – 1.3 mg/L. These findings depicted a wide spatial 

distribution of the HMs within the studied region. Leachate from soak way pits is probably the 

potential anthropogenic source for these contaminants, as human waste management is the main 
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anthropogenic activity within the region under investigation. Similar results were obtained by 

Yahaya [17] during their investigation into the water potability in selected areas in Lagos state, 

Western Nigeria. Water sampled from aquifers close to toilet facilities recorded higher toxic 

elements level when compared to water collected from regions with greater distances from soak 

away pits locations [17,18]. 

 

It was noted that apart from the iron content in the specimen sampled from spatial Point A that 

exceeded the WHO maximum Fe allowable limit for drinking water; interestingly, the HMs 

concentrations were within the allowable concentration approved by Nigeria Industrial Standards 

(NIS), irrespective of the sampling location. Excessive Fe concentration recorded at Location A 

cannot be attributed directly to the effluent from the human waste, but likely to anthropogenic factor 

such as leachate from metallic objects. High iron level in water can altered the water aesthetics 

properties, lead to diabetes and stomach problems [32]. Furthermore, leachate from agricultural 

activities – inorganic manure application - can be responsible for the amount of sodium detected in 

spatial point F within the studied area. Buvaneshwari [33] reported that some fertilizers (mostly 

potash-based and sodium-based fertilizers) have the potential of elevating water Na concentration; 

and rate the seepage from these fertilizers impacted the water quality is dependent on the soil texture, 

structure and hydrogeological conditions [34]. 

 

Table 3: Heavy metals levels in the water samples    

Spatial point Heavy metal  

 Cd 
(mg/L) 

Cu (mg/L) Fe 
(mg/L) 

Pb 
(mg/L) 

Zn (mg/L)  Na (mg/L)  

A BDL 0.31 1.25 BDL 0.08 1.3 
B BDL 0.03 0.53 BDL 0.21 BDL 
C 0.001 0.54 0.72 BDL 1.17 0.03 
D BDL 0.08 0.07 BDL 1.33 BDL 
E BDL 0.07 0.41 BDL 0.26 BDL 
F 0.001 0.32 0.22 0.001 0.95 0.04 

WHO (2021) 0.003 1.5 1.0 0.05 15.0 0.05 
 

 

3.3. Microbiological evaluation of the groundwater 

The results of the microbiological loads of the specimens are presented in Table 4. It was observed 

that the TBC of the groundwater sampled from Locations A, B, C, D, E and F were 1500, 620, 1400, 

1070, 440 and 10 cfu/ml, respectively; while the total coliform level in the water samples were 9, 0, 

3, 1, 2 and 0 cfu/ml at Locations A, B, C, D, E and F respectively. As presented in Table 4, water 

samples collected from spatial Points A, B, C and D were laden with bacteria and coliforms, and 

the microorganisms’ populations were higher in the samples closer to the soak away pits. This 

specified that a strong correlation existed between the proximity to the soak away pits and higher 

populations of bacteria and coliforms. The findings depicted that the coliforms population in 

sampled groundwater from Locations A and C exceeded the World Health Organization (WHO) 

recommended threshold of 0 cfu/ml for water meant for human consumption. Elevated levels of 

bacteria and coliforms in water samples can pose serious health dangers to human beings [5].  

 

These results are similar to observations made by Olatunji [35], during the authors’ investigation 

into the impact of poor sanitary condition on the groundwater. The distance of the borehole from 

the contamination source (soak away pit), and its depth in relation to the water table are critical 

factors that can influence the pollution rate of borehole water [35, 36, 40].  Suleiman [37] assessed 
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the effect of soak away effluent on designated aquifer, and reported that the rate of microbial 

contamination of borehole water is directly proportional to the borehole distance from the soak away 

pit. These findings align with the common understanding that proximity to contamination sources 

can significantly influence the groundwater potability. 

 

Table 4: Microbial load of the water samples  

Spatial Location   Total bacterial Count (cfu/ml) Total coliform count (cfu/ml) 

A 1500 9 
B 620 0 
C 1400 3 
D 1070 1 
E 440 2 
F 10 0 

 

 

4.0 Conclusion  

This study was conducted to evaluate the impact of human waste management on the groundwater 

quality. Groundwater was sampled from different spatial points, and the water quality was 

determined in harmony with American Society for Testing and Materials (ASTM) and American 

Public Health Association (APHA) approved procedures. Results obtained revealed that water 

samples collected from boreholes around the soak away pits tend to contain higher physiochemical, 

heavy metals and microorganisms when compared to boreholes sited in areas far away from the 

contamination point. With regards to the biological properties of the groundwater, the water sampled 

from the neighborhood of the soak away pits have presence of coliform population that exceeded 

the WHO and NIS threshold (0 cfu/mL) for drinking water. This highlights the importance of 

considering the proximity of borehole to major waste management structures. Additionally, the 

microbial population recorded in this study was not classified into beneficial and pathogenic 

microorganisms; therefore, further research should be conducted to properly classify the microbial 

load in groundwater. This research finding has practical implications for solid waste management 

in promoting sustainable and safe water management practices. 
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