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Abstract – Environmental quality investigation was undertaken using geophysical, and laboratory methods to evaluate some 

environmental quality indicators in some selected locations in Calabar. A 2 D Survey using five stations Electrical resistivity 

tomography (ERT) was   done using RES2DINV software as the analytical tool to give a resistivity map of the area under study. 

Standard laboratory methods were used to analyze the groundwater.   

Results of the methods outlined above indicate that the aquifer system in the study area is permeable and if contaminated, the 

contaminant will circulate the aquifer at a high rate.  The study shows the presence of DO, TCC, FCC and cadmium at 

proportions above the approved limits by NSDWQ for potable water, every other psychochemical parameter was available within 

allowable limits. A limnological assessment of Qua river was carried out using a number of water quality parameters. Fortnightly 

data from six sampling stations for a period of about 3 months was collected and analyzed. The high mean BOD (18.69mg1-1); 

cod (26.44mg1-1) NH3-N (0.24mg1-1) (Pb 4.3mg1-1) zn 1,92mg1-1, cu 1.18mg 1-1, 0.71mg 1-1 Cd 0.13mg1-1) indicate organic and 

heavy metal pollution. sources of pollution are industrial, municipal and domestic effluent. However, their effective are mcdisted 

by the lotic nature of the water. This accounts for the high mean dissolved oxygen (11.2mg1-1). There is no evidence of thermal 

pollution. The water is generally oligotrophic it falls short of fresh water tolerance. 
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Introduction 

Environmental quality is of great importance to the sustenance of life. Environmental quality indicators are usually expected to be 

in accordance with standards set by WHO and Nigeria Standard for Drinking Water Quality NSDWQ, but in recent times these 

quality indicators seem to be on the decline, some of the components of the environment like surface water, groundwater, soil 

quality, soil competence, landscape esthetics etc. are affected in terms of quality. Considering the wide range of parameters and 

indicators involved in the study of environmental quality, researching into surface water, groundwater and soil quality will 

suffice, since water and soil constitute a greater percentage of the environment, and understanding the effects created on these 

components will enabled the advancement of possible solution to address the problem [6,14, 23, 50, 53, 54, 55, 56 & 60].  

 

The environment is the operational space for biological and physical activities, due to the numerous activities carried out on it, 

many of its components like surface water, groundwater, soil quality, soil competence, landscape aesthetics etc. are affected in 

terms of quality. Qualitative indicators of environmental quality currently used for the classification of status are simple variables 

(concentration of Dissolved oxygen, nutrients, chemicals, amount of chlorophyll etc), univariate indices (species richness, 

diversity, benthic indices based on the indicator species concept). Surface water, groundwater and the soil are some of the sources 

from where most of these indicators can be analyzed. Groundwater has an excellent microbiological quality and generally 

adequate chemical quality for most uses. Eight major chemical constituents (Na, Ca, Mg, KHCO3, CL, SO4, No3 and Si) 

constitute about 99% of the solute content of natural groundwater.  The proportion of these constituent elements is a reflection of 

the geology and history of the groundwater, while trace and minor elements make up the remaining 1%.  The presence or absence 

of these elements usually will give rise to health problems or make them unsafe for human or animal consumption [31, 33, 51,52, 

61, 62, 63, 64, 65 & 66].  
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[37, 67, 68,69,70 & 71] reports that at present, water pollution from industrial processes constitutes a serious risk, this is primarily 

because nearly all industries in the country discharge their waste products untreated into rivers, estuaries, lagoons bays or the sea. 

These substances include solvents, cyanides, heavy metals, minerals, organic acids, fat, oil, bleaching agents, dyes, pigments, 

phenols compounds, tanning agents, sulphides and ammonia, many of these substances are known to be toxic and change the 

physical, chemical and biological characteristics of water. Besides these,  

Ammonia in surface waters, groundwater and wastewaters is from deamination or mineralization of organic nitrogen-containing 

compounds and hydrolysis of urea. It could also occur naturally by the reduction of nitrates [7] It occurs in two forms, un-ionized 

and ionized ammonia. Un-ionized ammonia (ammonia nitrogen) is toxic to fish but lionized ammonia (ammonium ion) is 

harmless except at extremely high concentration [9]. Qua river regarded as a seasonally flowing stream [47], located in south 

western part of calabar Nigeria. It is one of the series of west African river which drain into the creeks bordering the Atlantic 

Ocean. The physical, chemical and biological factors that influence the beneficial use of water constitute the water quality, [9]. 

Water quality affects abundance of species, composition, diversity, stability, production, physiological conditions of indigenous 

population [7]. It is worthy to notes that since all aquatic ecosystems contains a range or microbes, plants and animals, any change 

that takes place within the ecosystem, by the introduction of external material may be regarded as a pollutant [7, 71, 72, 73, 74, 

75,76 & 77].  

Tomography means using any kind of penetrating wave for sectional imaging of a structure or object, while the image produced is 

a tomogram. The method of using electrical resistivity to partition the earth based on varying resistive properties of the earth 

materials to produce a tomogram is called electrical resistivity tomography (ERT). Electrical resistivity tomography (ERT) has 

proven to be an effective geotechnical and environmental engineering tool. It is widely applied in determining the depth to 

bedrock, locating of contaminated plumes, acquiring information on elevation of groundwater table, etc. This method is especially 

preferred for site characterization in karst terrains [49, 78, 79 & 80]       

Groundwater flow interaction or infiltration from precipitation usually occurs in landfills or open dumpsites.  The dumped wastes 

gradually release the initial interstitial water (leachate) and some of its decomposed by-products get into water moving through 

the waste deposit.  These leachates accumulate at the bottom of the waste and percolate through the soil, migrate downward and 

contaminate the groundwater, the leachate sometimes contains mainly organic carbon largely in the form of fulvic acids 

especially when wastes are of industrial origin Such contamination of groundwater resource poses a great risk to humans, animals 

and the natural environment. The closeness of the water table to the surface makes the water to be vulnerable to contamination.  

To determine the impacts of these waste materials, how far and fast it will percolate the ground to the point of impacting 

negatively on the groundwater quality, it is necessary to use geophysical method to determine the transmissivity of the aquifer 

materials and protective capacity of the overburden layers[42, 45, 81, 82, 83 & 84]. 

Potable water is one of the major resources that a citizen of any nation benefits from [5] Water has found its usefulness in every 

sphere of human endeavor such as manufacturing industry, agricultural industry, transportation industry, construction industry, 

home usage and so on.  Because of the importance of this resource, new technologies have been developed to search for it.  Water 

search has extended from surface to ground exploration.  Groundwater quality is greatly adjudged by its physical, chemical and 

biological characteristics which in turn depends on the geology of the area and magnitude of human activities in the area [20, 

85,86,89 & 90]. Geoelectrical resistivity surveys are often used to search for groundwater in both porous and fissured media.  

Clean sands and gravels which have porosities always make good aquifers when saturated with fresh water which can be 

differentiated from lower resistivity impermeable clays and marls and also from bedrock which is mainly of much higher 

resistivity. Electrical resistivity is also widely considered as a useful parameter for hydrogeological studies because its value is 

mainly controlled by lithological conditions of the aquifer).  Additionally, it can be useful in the correlation of lithological facies 

between wells. However, resistivity values are also sensitivity to the porosity and water content of the aquifer as well as to the 

mineralization and salinity of groundwater, {11},{46} as such for an effective use of geoelectrical resistivity data for 

hydrogeological study, the data from lithology logs should be used to constrain the field data.   

 

LOCATION AND GEOLOGY OF THE STUDY AREA  

 Ekwueme and his co-worker has established the age of the Oban massif. The basement complex is believed to have undergone 

series of igneous and metamorphic deformation {13} and is overlain by cretaceous to tertiary sedimentary rocks which forms part 

of the Calabar Flank  (Fig 1). As said earlier the Calabar Flank in current usage is that part of Southern Nigeria basin that is 

bounded by the Oban massif to the North and the Calabar hinge line delineating the Niger Delta basin in the South. It is also 

separated from the Ikpe platform to the west by a NE-SW trending fault. It was affected by two major tectonic phases. Marine 

transgression and regressions also plays important role in the formation of the various sedimentary sequences. Sedimentation 

began with the initial deposition of fluviodeltaic cross-bedded sands of Awi formation in early cretaceous times (probably 

Aptain). This was probably by the deposition of other formations.  
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Fig. 1 

Geology Fig 1. outline map and stratigraphy unit of the Calabar flank   

OBJECTIVES OF THE STUDY 
This study is designed to determine the status of some environmental quality indicators for surface water, groundwater and the 

soil, using interpreted resistivities obtained from iterative modelling of apparent resistivity data together with laboratory analyses 

of surface water, groundwater and the soil. This information will be useful to the urban dwellers residing in the study area, as it 

will help the community in planning for their groundwater, surface water and agricultural development. The information from this 

will also be useful to the Cross River State Ministries of Health, Agriculture and Environment. Specifically, the study sought to 

achieve the following objectives 

(1) To determine ground water bearing formations (aquifers). 

 (2 To examine aquifer and soil vulnerability to contamination and pollution. 

 (3) To evaluate the soil quality indices  

 

                              REVIEW OF RELATED WORKS   

Kondum et al (2021){34}, carried out a Comparison of Water Quality Indexes for an Inland River The study assessed water 

quality parameters and attempts to compare four different Water Quality Indexes (WQIs) for wet and dry seasons. The results 

demonstrate that River Benue is continually being polluted in both dry and wet seasons by different sources, particularly domestic 

sewage and storm runoffs from farmlands. The quality of the water generally exceeded physiochemical and microbiological 

infection risk limits recommended in water quality guidelines concerning their use for domestic, recreational and irrigational 

purposes. The Water Quality Indices applied were: Canadian Council of Ministers of the Environment Water Quality Index 

(CCME) WQI, British Columbia Water Quality Index (BC) WQI,  Dinius Water Quality Index (D), WQI and Weighted 

Arithmetic WQI. To evaluate the differences between these indexes, data on ten water quality parameters (Temperature, pH, total 

dissolved solids, electrical conductivity, Nitrates, Phosphates, biochemical oxygen demand, dissolved oxygen and faecal coliform 

count) for two distinct seasons from 6 river monitoring sites along the river Benue at Makurdi reach, were used. Significant 

discrepancies were observed in classification results between the Dinius’ WQI and the other three. 

 

Badamasi  et al (2021) {10} Carry out a  study to  examine the portability of rainwater in Langtang north and south LGAs of 

Plateau State-Nigeria using arithmetic water quality index method with 10 samples collected directly from zinc and aluminum 

rooftops in 10 selected communities. Twenty-six water quality parameters were analyzed in the field and laboratory. Temperature, 

pH, EC, TDS and turbidity were analyzed in the field using appropriate equipment as well as color, odour and taste. The most 

probable number was used to determine the presence of bacteria, while photometric and the Atomic Absorption 

Spectrophotometer (AAS) were used to determine the concentration of the various chemical parameters (USEPA, 2012). The 

results revealed unobjectionable taste, color and odour, temperature (26.8-27.5), pH (6.5-7.8), Turbidity (1.8-2.7), Conductivity 

(20-30), TDS (10-15), Caco3 (510), Ca (2-8), Mg (1-4), SO4 (1-7), NO3 (1.3-8.6), Fe (0.01-0.15), Cl (10-32), F (0.001-0.002), 

Cu (0.01-0.2), Zn (0-1.5), Mn (0-0.02), Cr (0-0.01), Al (0.01-0.06), and total coliform (0-4). Cadmium, Arsenic, Lead, phenols, 

pesticides, faecal coliform and e-coli were not detected. All parameters tested were within acceptable limits for drinking water. 

http://www.ijcrt.org/


www.ijcspub.org                                   © 2022 IJCSPUB | Volume 12, Issue 3 September 2022 | ISSN: 2250-1770 

IJCSP22C1239 International Journal of Current Science (IJCSPUB) www.ijcspub.org 109 
 

While aluminium catchments do not show any difference in parameter concentrations, zinc catchment revealed increase in Zn 

concentration with age of materials. Calculated water quality index of samples ranged from 2 to 12 with an overall value of 4.7 

indicating excellent water quality for all samples. Based on these results, the paper concludes that the rainwater is of good quality 

suitable for drinking. 

In a study carried out by {8} to  assess the Surface Water Quality of River Benue at Makurdi. in Nigeria monitoring it for a period 

of six months covering both dry and rainy seasons of the year for pollution modeling due to multi-usage of the river - human 

consumption and industrial usage.  Five samples were taken from each of the following sources: Benue Brewery Limited (point 

source); Benue Links Limited (heavy concentration of people) non- point source; Makurdi Abattoir (point source); Makurdi water 

works, non-point source; Wadata (heavy concentration of people) non-point source. The process of field sampling, laboratory 

analysis and regression modeling of flow depth and pollution concentration revealed the following: Pollution in River Benue is 

influenced by natural regimes such as rainfall and discharges; physical and chemical pollutions increased with rainfall while 

microbial pollution is inversely proportional to rainfall.  

 

OKEY-WOKEH, et al (2021{45} Carried out a study to evaluate water quality index (WQI) of Ogbor River, a freshwater system 

flowing through the commercial city of Aba, Southern Nigeria using selected physicochemical parameters. The levels of the 

physicochemical parameters were determined using standard analytical procedures in the Laboratory. The values obtained were 

subjected to statistical analysis using Excel spreadsheet (Version 16). Water Quality index was calculated using mean values of 

the selected nine parameters and the World Health Organisation standard for drinking water. The result of physicochemical 

parameters used showed that Dissolved Oxygen (DO) with mean 4.44 ± 0.70 mg/L, and Nitrate (NO3-) with mean 7.58 ± 6.25 

mg/L were below National and International standards. The value of WQI calculated was 83.05. The result revealed that Ogbor 

River water quality was very poor, so it is unfit for human consumption, and should be treated to avoid water related diseases. 

Egor et al (2015) {44} carried out a Critical Study of ground water potential of part of Obubra Local Government Area, found out 

that the water table and depth to the aquifer in the area varies from 4.1-18m and 20-69m, respectively, depending on the season 

and time of the year.  The closeness of the water table to the surface makes the water to be venerable to contamination. 

Muhammad, et al (2019) {38}Undertook a study on Assessment of Aquifer Vulnerability Using Integrated Geophysical Approach 

in Weathered Terrains of South China. In this work, an integrated approach of the electrical resistivity tomography (ERT), high 

precision magnetic, X-ray Diffraction (XRD), physicochemical analysis and pumping test data was performed to investigate the 

hard-rock aquifers occurring in the weathered terrains.  This approach reveals seven fractures/faults (F1 to F7) and four discrete 

layers such as the topsoil cover, highly weathered, partly weathered and unweathered rock.The groundwater resources are 

estimated as a function of different parameters i.e.,aquifer resistivity (ρo), transverse unit resistance (Tr), hydraulic 

conductivity(K),transmissivity(T),rock formation factor (F) and rock porosity (Φ). These parameters divide the groundwater 

resources into four aquifer potential zones with specific ranges of ρo, Tr, K, T, F and Φ i.e., high, medium, poor, and negligible 

potential aquifers. The results suggest high potential aquifer reserve. 

Tomography means using any kind of penetrating wave for sectional imaging of a structure or object, while the image produced is 

a tomogram. The method of using electrical resistivity to partition the earth based on varying resistive properties of the earth 

materials to produce a tomogram is called electrical resistivity tomography (ERT). Electrical resistivity tomography (ERT). 

Electrical resistivity tomography technique has been successfully used in different situations by numerous investigators {36, 49, 

50}.   Groundwater quality is greatly adjudged by its physical, chemical and biological characteristics which in turn depends on 

the geology of the area and magnitude of human activities in the area {20} 

METHODS  

Electrical resistivity tomography (ERT) using Wenner array was applied to complement VES procedure and the IGIS model SSR-

MP-ATS resistivity meter was used in acquiring both the VES and ERT data.  Measurements in the field were carried out in a 

systematic manner to ensure adequate coverage of the study area.  For the first measurement the first current electrode along the 

profile was designated as C1, the second electrode was designated as the first potential electrode P1 while the third electrode was 

designated P2 and the fourth along the profile was designated as second current electrode C2, switching between the electrode and 

different electrode separation was manually performed for the second round of measurement electrode 2,3,4 and 5 are used for C1, 

P1, P2, and C2 respectively.  This was repeated to the end of the profile line until the last sets of electrodes were used.  After 

completing the sequence of measurement which has a minimum of 5m the second sequence of measurement with electrode 

separation of 2a was performed. The separation was later increased to 3a, 4a and 5a.  In all the rounds of measurements, the 

original position of C1 was always preserved, it was noticed that as the spacing between C1, P1, P2 and C2 increases, the number of 

measurements from the preceding ones decreases by three.  In all, five ERTs with profile length of 120m were carried out. The 

resistance of the data points occupied was converted to apparent resistivity values using appropriate geometric factors. The 

apparent resistivity data were processed using an interactive smoothness constrained least-square inversion method (RES2DINV) 

software to produce a 2-D model of the subsurface. The computer program automatically subdivided the subsurface into a number 
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of blocks and then use a least square inversion scheme to determine the appropriate resistivity of each block. The inversion result 

was used to characterize the subsurface 

 

Water and benthic samples were collected from six locations along Qua river. All the samples were collected between 09.00 to 

12,00 hours from sampling locations on each sampling day. Sampling was carried out at two weeks interval from 23rd June to 16th 

August, 2021. Each water sample was collected with clean glass (Pyrex) containers and sealed securely, protected from heat, 

sunlight and labeled with date, time and location. The bottles were completely filled with water samples to exclude air bubbles to 

avoid further gaseous exchange. Dissolved oxygen samples were collected with dark bottles, 1ml of Mns04 was added followed 

up with l ml of alkaline oxide wall below the mouth of the bottle. The cap was carefully replaced. The stopper was held in place 

and shaken to mix the water samples and the reagents for about 10 minutes. The amount of oxygen ‘fixed’ was later determined in 

the laboratory. 

Water temperature of each sampling location were taken and recorded in the field using a mercury in-glass thermometer of range 

100C – 500C. the thermometer was placed horizontally at a depth of about 15cm in river minutes before taking the reading. 

Benthic samples were collected using an improvised cover of diameter 10cm and height 12cm, five benthic samples were 

collected from each sampling locations so that a total of about 0.05m2 was sampled from each sampling location. For easy and 

efficient collection a few opening was made with a nail at the closed end of the tin. The tin was forced down the bottom of the 

river. The holes were blocked in the process and the tin forcefully removed under suction pressure in such a manner that there 

were minimum losses of sediments, organisms found in the water at the time of sampling were collected and identified. Human 

activities including laundry and natural phenomenon 1ike rainfall were noted. Absorption Atomic Spectrophotometer was used 

for the analysis of dissolved gases and benthic organisms with minimum delay on arrival at the laboratory and in any case not 

later than 12 hours after the collection of the samples in any one sampling trip. The water was analyzed for chlorophyll ‘a’ and 

plankton within seven days after sample collection. However, the sample were kept in the dark.                               

 RESULTS  

The acquired ERT data was analyzed using RES2DINV as described by {36} The results of the inversion model show large 

variations in the apparent resistivity (ρa), due to these large variations in resistivity, a 5.00m cell width model was adopted to 

produce resolute images of the subsurface resistivity structure. The inverted resistivity tomograms are as shown below in fig 2(a-

c) 

 

 

 

Fig 2 a. tomogram of data at Lemna 1 
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Fig 2. b. tomogram of data at Lemna 2 

 

 

 

Fig 2 c. Tomogram of data at CRUTECH 1 

 In Fig 2a, Five resistivity zones were delineated in the profile in the subsurface at different surface points the low resistivity zone 

(deep blue), with  lowest resistivity <72.2Ωm is isolated at surface point 40-55m at depth of 2.5m to 4.2m,  zone of highest 

resistivity <479Ωm isolated at surface point of 12m to 27m and depth of 1.2m to 7.0m. there is also a moderately low resistivity 

zone of <105Ωm (light) occurred at surface points between 38.1m to 55.0m and a depth between 1.2m and 3.00m to 6.0m, there 

is also a moderately high resistivity zone (red) with resistivity of 0<349Ωm, spread around two-third of the profile and occurring 

at surface point of 10.1m to 10.3m and 25 to 30.0m and 58.6m. The zone with intermediate resistivity values (deep green) of 

<200Ωm occurred at surface points of 38.05m to 78.0m at depth of 6.7m to 7.5m. There is no leachate plume in any of the 

resistivity layers 

Fig 2b show four resistivity zones, the lowest resistivity <100Ωm isolated at surface points between 12m and 34m of at a depth of 

3.75m to 50m. there is also a zone of moderately low resistivity (light green to deep green) with respectively of <300Ωm, iso lated 

at surface points between 4m to 42m and 58.0 to 75.0m occurring a depth of 5.0m to 15.9m third resistivity zone (brown) has 

values of <500Ωm, occurred at surface point 4.3m – 48m and 50m to >70m at a depth of 3.0m and >15.9m. The zone with the 

second to the highest resistivity gave value (red) of <800vlm occurred at surface points of 420m to 77.0m at a depth of 3.7m to 

>15.9m. The zone with the highest resistivity (Purple) of >981Ωm occurred at surface point 43.0m to 52.0m at depth between 

3.75 to 10.0m. No leachate plume is deduced in any of the resistivity layers  
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In Fig 2c, five resistivity zone were identified in fig xxx, the zone with the least resistivity (light blue to deep blue) with <198Ωm 

occurred at surface point 70m to 12.0m and 59.om to 850m and depth between 1.25m to 850m and 9.94m to > 17.3m. The zone 

with occurred at surface points of 12.om to 20.0m and 52.0m to >95.0m and depth of 1.25 to 15.0m and >17.3m. There is also the 

zone with resistivity point of 22.0 to 65.0m and 66.0m to 85.0m at depth of 9.94 to > 173. The with moderately high resistivity 

values (red) with <500Ωm occurred at surface point of 25.0m to 65.0m and 85.0m and above at a depth of 3.8m and 17.3m.  

In Fig 2d, four resistivity zones were identified the zone with the least resistivity (blue)<200Ωm occurred surface points of 7.0m 

to 11.0m and 55.0m to 950m at a depth of 3.75m to 19.0m. The resistivity zone (green) is vastly spread along the profile and has 

< 400Ωm, it occurred at the surface points of 11.0m to 12.0m and 20.0m to 97.0m at depth of 5.0m to 6.38m and 15.0m to 19.8m. 

The resistivity zone (Yellow-Brown) has resistivity <600Ωm, occurred at surface points 11.0m, 40.0 to 64.0m, 70.0m to 95.0m 

and depth of 6.38m to 9.26m and 18.0m to 19.8m. The resistivity zone with moderately high resistivity (red) with <900Ωm 

occurred at surface points of 15.0m to 35.0m and 90.0m to 95.0m at depth of 15.0m to 35.0m and 90.0m to 95.0m at depth of 

2.0m to 5.0m. The resistivity zone with the high resistivity (purple) with >943Ωm occurred at surface points of 20.0m to 32.0m at 

depth of 3.75m. There is no leachate plume suspected in any of the resistivity layers 

Results from the laboratory analyses of groundwater, surface water and soil samples are as recorded in table 1, 2 and 3 

respectively 

Table 1: groundwater parameters 

s/n Parameter/Unit BH 1t BH2 BH3 BH4 NSDWQ(2015) Mean 
Value 

1 Ph 4.8 5.6 5.0 8.1 6.5-8.5  

2 Temperature 
(oc) 

28.5 28.0 29 28.0 Ambient 28.37 

3 Electrical 
conductivity 
(Ec) (µS/cm) 

81.5 98.3 85.1 99.0 1000  90.97 

4 TDS (mg/l) 21.1 16.4 0.40 0.6 500 9.65 

5 Colour (H-U) <5 <5 < <5 5 <5 

6 Odour  Unobjectionable Unobj Unobj  Unobj Unobjectionable  

7 Fluorides (mg/l) 0.10 0.15 0.10 0.13 1.5 0.12 

8 Nitrates (mg/l) 2.20 2.50 4.1 2.0 50 2.7 

9 BOD (mg/L) 2.50 2.41 3.50 2.10 10 2.63 

10 DO (mg/l) 13.54 16.80 15.17 16.67 5.0 15.53 

11 Cyanides (mg/L) 0.01 0.01 ND 0.01 0.01 0.01 

12 Residual (CL2 
(mg/L) 

0.01 0.11 0.10 0.15 0.2-o.25 0.11 

13 Sodium (mg/L) 1.53 2.76 2.30 1.08 200 1.91 

14 Copper (mg/L) 0.19 0.016 0.021 0.012 1 0.059 

15 Al3+(mg/L) 0.04 0.02 <0.08 0.10 0.2 0.06 

16 NH4+ (mg/L) 0.17 0.17 0.15 0.16  0.16 

17 Zn2+(mg/L) 0.18 0.20 0.6 0.15 3.0 0.14 

18 Ni2+ (mg/L) 0.008 0.011 0.026 0.013 0.02 0.014 

19 Fe2+(mg/L) 0.17 0.20 0.26 0.26 0.3 0.22 
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20 Pb2+ (mg/L) 0.01 0.02 0.06 0.05 0.01 0.035 

21 TCC (100ml/cfu) 0 0 26 0 10 6.5 

22 FCC (10ml/cfu) 0 0 8 0 0 2 

23 TTSS (Mg/L) 0.001 0.002 0.017 0.12 500 008 

24 Cadmium 
(Mg/L) 

0.02 0.02 0.010 0.06 0.003 0.027 

25 Total Alkalinity 
(mg/L) 

40 60 55 90 120   

26 Turbidity (FTU) 0.17  0.7 0.16 0.20 5 0.18 

27 Magnesium 4.0 5.0 5.0 8.0 0.20 5.5 

28 No2 0.05 0.04 0.05 0.03 0.2 0.04 

Source: Author field data from study area (2021) 

KEY 

NSDWQ = Nigerian Standard for drinking water quality 

ND  = None Detected 

BH               =        Borehole 

 

Laboratory analysis was carried out on soil samples collected from the study area at different depths, the analysis was carried out 

to establish the presence of some soil quality physicochemical parameters of the soil samples like bulk density, humidity, 

electrical conductivity, pH, hydrogen ion concentration, effective cation exchange. Variations between these soil properties was 

determined alongside electrical resistivity and recorded in Table 2. Analysis of variance was done and recorded in Table 3 and 4. 

  

 

Table 2. Summary of Physicochemical Properties Variations of Soils in Calabar 

     EC 

Organic  Total  Avail  

Ca Mg Na K Al H ECEC BS Zn Mn Fe Cu Matter Nitrogen P 

0.11 0.52 0.49 6.01 5.4 1.88 0.72 0.24 2.75 3.13 14.12 58.09 4.68 48.86 128.32 4.68 

0.23 1.74 0.35 3.99 4.57 1.37 0.47 0.26 2.41 2.41 11.48 58.18 4.21 46.18 107.95 8.85 

0.67 1.89 0.14 4.43 2.6 1.38 0.14 0.31 2.17 1.87 8.47 52.22 3.75 28.15 103.63 13.28 

0.24 0.97 0.38 9.73 2.73 1.88 0.94 0.18 2.47 2.55 10.76 53.44 3.33 29.17 126.73 17.52 

0.14 1.30 0.30 8.88 3.48 2.5 1.13 0.2 3.94 2.64 13.89 52.5 4.33 44.94 103.18 7.41 

0.12 5.63 0.51 8.01 4.32 2.52 0.29 0.24 3.82 2.31 13.49 54.4 4.44 29 132.15 7.36 

0.29 0.68 0.33 5.06 2.8 1.79 0.19 1.17 2.41 5.25 26.05 47.44 3.87 26.97 101.63 13.7 

0.25 2.21 0.18 4.61 3.87 1.95 0.12 0.14 2.45 1.69 10.29 58 3.82 30.61 140.37 7.13 

0.2 3.95 0.39 4.61 6.1 3.83 0.21 0.18 2.86 1.72 14.9 67.94 3.98 25.44 105.23 7.84 

0.08 1.40 0.35 6.14 10.5 5.2 0.26 0.25 3.69 2.41 22.32 72.54 5.7 42.81 99.13 7.51 

0.24 2.01 0.22 9.8 12.03 3.32 1.18 0.45 4.44 5.91 27.33 61.97 6.74 54.45 112.15 7.41 

0.32 1.36 0.20 7.33 10.37 2.88 1.42 0.26 4.17 4.71 23.8 62.51 5.1 48.03 101.37 5.86 

0.28     4.37 0.49 5.37 8.08 3.95 0.88 0.26 2.34 2.54 18.05 74.05 5.03 43.48 127.97 14.18 

0.47 2.18 0.24 7.06 9.37 2.47 0.88 0.25 2.71 3.24 18.85 68.56 4.22 38.02 107.93 8.92 

0.29 2.13 0.28 6.34 3.93 1.82 0.49 0.24 2.75 2.37 11.6 55.69 3.86 35.7 114.07 10.46 

0.5 7.46 0.55 9.94 13.12 4.83 1.59 0.67 1.94 6.34 28.49 70.74 6.61 56.77 102.47 24.87 

0.25 6.18 0.33 8.86 8 2.68 0.82 0.54 2.03 3.95 18.02 66.97 6.27 46.2 120.43 9.94 

0.41 7.31 0.15 6.71 8.5 5.23 0.23 0.35 2.29 3.46 20.06 71.48 4.64 50.45 140.23 9.02 

0.36 7.04 0.20 8.12 9.6 4.2 0.13 0.36 1.96 5.47 21.72 65.97 5.3 42.43 122.48 15.1 

0.38 3.83 0.60 7.26 10.93 3.93 1.13 0.36 3.01 4.53 23.9 68.46 5.73 47.18 111.22 15.56 

0.08 0.52 0.14 3.99 2.6 1.37 0.12 0.14 1.94 1.69 8.47 47.44 3.33 25.44 99.13 4.68 

0.67 7.46 0.6 9.94 13.12 5.23 1.59 1.17 4.44 6.34 28.49 74.05 6.74 56.77 140.37 24.87 
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0.299091 3.279091 0.337273 6.917727 7.091818 3.009545 0.678636 0.373636 2.863182 3.478636 17.93409 61.93818 4.803636 40.775 115.8245 11.18864 

 

 

Percentage clay fraction ranges from 22.57 to 42.33 percent with a mean value of 33.13 percent, this revealed a picture of low 

clay content on the surface horizons. This could be attributed to sorting of soil materials by biological and agricultural activities, 

clay migration and surface erosion {41, 16,}. From the ERT resistivity section, a visual inspection revealed the presence of clay at 

depth, increase in clay with depth may be the result of illuviation processes as well as contributions of the underlying geology 

through weathering. Silt/clay ratio ranged from 0.37 to 0.94 with a mean of 0.59, since the ratio is less than unity, it means low 

values, interpreted as low values with implications of high weatherability of the soils and pedogenisies {16, 40}. The results of 

this study showed that all the soils have silt/clay ratios above 0.37, which indicates high pedogenesis under intensive land use. 

 

Bulk density varies from 1.25 to 1.38gcm-3 with a mean of 1.31gcm-3, the mean value is adjudged to be low and therefore 

favourable for agronomic use, because it implies root penetration, good aeration and infiltration {16). Another reason for low 

values of bulk density in the study area could be due to crop intensification, high organic matter conversion ad increasing litter 

fall. The bulk density values indicated that the soils were not compacted and non-saline. The soil pH was slidely acidic, it varied 

from 4.98 to 5.75 and a mean value of 5.3. The acidic condition of the soil may be due to the dissociation of strongly acidic 

function groups in the organic matter and the redox products of ferrolysis that is common in slowly permeable soils. Low pH of 

the soil might also be due to heavy leaching, heavy rainfall in the area, effect of percolating leachate {17}, such conditions can 

induce phosphate fixation and reduce the ability of soil microorganisms to fix atmospheric nitrogen.  

 

Exchangable cation (EC) varied between 0.11 to 0.67dsm-1 with a mean value of 0.31dsm-1, the values are low and are within the 

allowable limits set by Food and Agricultural Organization {27}. Soil organic matter content varied from 0.52 to 1.89 percent 

with a mean value of 1.226 percent, the percentage of soil organic matter is observed to be moderate, a situation that is attributed 

to the soil management practices like burning of rice puddies during the dry season, removal of crop residues, continuous and 

prolonged cultivation and level of soil pudding, also another factor like slow decomposition rate of litter phase under waterlogged 

conditions can also lead the low values {23, 39}. The implication of the low percentage of organic matter content is that the level 

of organic matter cannot sustain rice farm for the period greater than five years. Application of suitable fertilizer can be a solution 

for enhanced crop yield.  

 

Total nitrogen varied between 0.14 to 0.6 percent and an average of 0.33 percent, the values were slightly moderate to high, there 

is significant variation, although moderate, it does not mean nitrogen sufficiency. The low response of the soil to Nitrogen 

fixation could be attributed to flooding, leading to rising water level, washing cropping practices without measures to build up soil 

nutrient reserves {3,15,42}. Plant available Nitrogen (N) and Phosphorus (P) were low, the low total available N as association 

with low organic matter content {12,18,25} blamed this on the characteristics of the soil on one hand and loss of N as a result of 

removal of excess water on the other hand. Furthermore, denitrification due to water logging is also implicated for loss of 

nitrogen. 

 

Available Phosphorus (P) varied from 3.99 to 9.73mgkg-1 with a mean of 6.68mgkg-1. The value is low when compared with the 

FAO standards, which puts P for productive tropical soils at 15mgkg-1 {22,26}. Deficiency of P in tropical soils is as a result of 

intensive rainfall, high weatherability of the soils and absorption reaction. Low P availability causes stunted growth of in cereal 

plants, development of few tillers, narrow short dirty green leaves and delay ripening panicles which produce high percentage of 

empty grains. Exchangeable bases (Ca, Mg, Na and K) showed variability across the study area. Ca varied between 2.6Cmolkg-1 

to 5.4Cmolkg-1 with a mean of 3.83Cmolkg-1. These values are slightly greater than the critical limit of 4.0Cmolkg-1 set by {22, 

26}. From the comparison, it is clear that Ca cannot be a limiting factor to rice or any arable crop production in these soils 

because most of the calcium values are above the FAO critical value which is regarded as the lower limit of fertile soils {26,30}. 

 

The content of exchangeable magnesium (Mg) ranged from 1.37 to 2.5Cmolkg-1 with an average value of 0.3-1.0Cmolkg-1 

recommended by {26, 32}. From the foregoing analysis, there is high predominance of calcium and magnesium in the soils under 

study. Sodium (Na) had values between 0.14 to 1.13Cmolkg-1 with a mean value of 0.66Cmolkg-1. The concentration of sodium is 

below the critical value 0.1Cmolkg-1 {26} This is optimum as the soils will not develop sodicity problem and the sodium will not 

be harmful to plant roots and does not inhibit plant growth. The content of exchangeable potassium (K) ranged between 0.18 to 

0.31Cmolkg-1 with a mean value of 0.24Cmolkg-1. Potassium is a key element in fertilization of rice. It is one of the cations lost in 

large quantities due to leaching. The concentration of K in all the soils in the study area is suitable enough for rice growth. The 

mean value was more than the critical values of 0.16 to 0.20Cmolkg-1 for different land uses in Nigeria as reported by {29}. 

 

The content of Aluminum was between 2.17 to 3.94Cmolkg-1 with a mean value of 2.83Cmolkg-1. These values were below the 

critical value of 4.0Cmolkg-1 {24, 26, 28} Going by this analysis, Al may be injurious to rice crop as aluminum toxicity increases 

soil reaction and decreases the rate of microbial activities in the soil, which plays a major role in organic matter build up.  

 

Exchangeable Hydrogen (H+) varried from 1.87 to 3.13Cmolkg-1 with a mean value of 2.51Cmolkg-1. This concentration is not a 

limitation for cereal production because of the change in soil nutrient chemistry during flooded conditions {1} Effective cation 

exchange capacity ECEC) varied from 8.47 to 14.12 and a mean value of 11.6Cmolkg-1, level of ECEC was considered suitable 

for tropical soil {24} According to{21 values below 10Cmolkg-1 are considered marginally adequate while values above 

20Cmolkg-1 are adjudged to be highly suitable for wetland crop production. If others (weather, farm management, crop variety) 

are favourable. The mean value of ECEC reported in this study is indicative of low capacity of these soils to retain nutrient 

elements due to insufficient amount of organic matter and soil pH. This renders the soils slightly suitable for intensive rice 

cultivation when compared to rice paddies in Vietnam, Bangladesh, Malaysia and Sirilanka {1} 

Base saturation (BS) values ranged from 52.22 to 58.18 percent and a mean value of 54.97 percent. These values are below the 

critical value of 60 percent establish for ecological zone {28}, this implies that the soils have a slightly low base saturation, this 
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could be due to the presence of weatherable minerals in soil in the study area, an indication of availability of basic ions in soil 

solution for rice crop absorption. The concentrateion of Zinc (Zn) was between 3.33 to 4.68mgkg-1 with a mean value of 

4.04mgkg-1 these values are above the critical unit of 2.0mgkg-1 required for rice production. This result indicates that the levels 

of zinc in the soils may not constitute a major constraint to crop production in the study area. 

 

 

Available manganese (Mn) was between 28.15 to 48.186 mgkg-1 and a mean value of 39.18mgkg-1. These resulting values 

suggests that the levels of available Mn in these soils appeared to be adequate and even high in some locations. The concentration 

of iron (Fe) ranged from 103.18 to 128.30mgkg-1 with a mean value of 114.47mgkg-1. The results showed that there is high 

concentration of iron. These ranges are higher than the limits obtained by {3}). The values one higher than these obtained in some 

hydromorphic soils in Nigeria. Copper (Cu) concentration ranged from 4.68 to 17.52mgkg-1 with a mean value of 10.56mgkg-1. 

This result showed that these values are greater than the critical unit of 1.0 mgkg-1 {22, 26, 28} The concentration of Cu 

fluctuates, having increasing values in the dry season than in the wet season. This is in agreement with the findings of {6, 14). 

Soils in the study area were rated adequate in providing copper for good growth and yield of rice and other related crops. 

 

 

The data obtained from the laboratory analysis of the soil samples were treated statistically, consequently, a two-way analysis of 

variance (ANOVA) for physicochemical properties of soils was done and recorded in Table 4. The table revealed a total sum of 

squares of 318562.11, of this value the sum of squares between groups was 309614.1, while the associated sum of squares within 

group was 8948.11. The mean sum of squares between groups was 14680.48 and within groups recorded a value of 7.806. 

 

                                                                TABLE 4 

Analysis of variance of physicochemical properties of soils in Calabar 

Source of Variation  SS Df MS F P-value Fcrit. 

Between Groups  309614.1 5 14680.48 

644.5429 0.000289 1.596912 

Within Groups 8948.110 397 7.809 

Total  318562.110      

P<0.05 (significant at 0.05 level). 

 

TABLE 5 

Analysis of variance for soil quality indicators of soils in Calabar 

Source of Variation  SS Df MS F P-value Fcrit. 

Between Groups  4975.606111 5 995.1212222 

5.522597808 0.000262276 2.353808958 

Within Groups 11892.59167 66 180.1907828 

Total  16868.19778 71     

P<0.05 (significant at 0.05 level). 

 

 

The Fcal value is 644.542 and Fcrit was 1.5969. The observed significance level is 0.000289 (P<0.05). The results presented in 

table 5 portrayed a significant variation in physico chemical properties of the study location in the soils of Calabar (study area). 

The significant variation in soil pH may be due to the dissociation of strongly acid functional groups in the organic matter and the 

redox products of ferrolysis that is common in most permeable soils, variations in electrical conductivity, and sodium is indicative 

of non-salinization not being a significant factor in soil variability and pedogenic process in the study area.  

 

Total Nitrogen (0.35) and available phosphorous 6.9 content are statistically significant at (P<0.05) in the different sampled 

location. N and P contents are organic matter dependent. There are an inverse relationship between organic matter and availability 

of Nitrogen and phosphorus. This implies that an increase in organic matter is associated with a decrease in soil available nitrogen 

and phosphorus (Bell and Edwards, 1987). Significant variation was recorded for manganese (40.7), Iron (114.5) and potassium 

(0.34), it implies that the concentration of soluble Mn2+ in the soil is both dependent on pH and redox potential. Iron (Fe2+) 

variation may be attributed to strong acidity of the soil and organic matter content that hasten into reduction and favours early 

buildup of iron in flood soil.  
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Potassium (K) is one of the cation lost and trapped in large quantities through crop removal, alternate wetting and drying, and 

isomorphorus substitution of Al3+ for Si4+ in clay silica tetrahedral layer. These strongly bind the K+ iron and reduce their 

availability to plant use [2]. Thus the record values of these physico chemical properties in this study are not statistically different 

from one study location to another. Furthermore, organic matter (1.23), Calcium (3.82), Magnesium (1.8), hydrogen iron (2.51), 

effective cation exchange capacity (11.60), base saturation (54.97), Zinc (4.04), clay (33.2) and bulk density (1.31) at P<0.05 

showed a high positive significant variation with study location, whereas a negatively significant variation was reported for sand 

(48.59), in the different study locations. The high positive variation in organic matter distribution (P<0.05) in the study area could 

be as a result of differential mineralization due to microbial activities resulting from the humus content of soil, soil aeration and 

drainage. 

 

Conclusion  
Electrical resistivity tomography was conducted in parts of Calabar to determine the aquifer vulnerability and groundwater 

quality, this was complimented with the collection and analysis of borehole water samples in the laboratory. Soil samples were 

also collected from the study area and analyzed in the laboratory. The study identified three distinctive zones isolated from the 

horizontal profiling method: the low resistivity zone (deep to light blue color), the intermediate zone (green to yellow), and the 

unusually high resistivity zone (yellow to purple colour). The low resistivity zones in the profiles are probably areas characterized 

by clay with little or no contamination. The study has shown that the area is underlain by aquifers that are not contaminated.  

Although the results from the laboratory analysis of borehole water (groundwater) show that dissolve oxygen (DO) is higher than 

the NSDWQ recommended value of 5.0 in all the boreholes. Also, the total coliform count TTC, the fecal coliform count FCC 

and Cadmium are more than the NSDWQ recommended values The study also show that the surface water from Qua river is also 

not contaminated as at now but if the discharge of waste is not checked and controlled, there is a high possibility of contamination 

in the near future. Conclusively, physicochemical properties of soils in the study area varied significantly in different study 

locations.While , organic matter (1.23), Calcium (3.82), Magnesium (1.8), hydrogen iron (2.51), effective cation exchange 

capacity (11.60), base saturation (54.97), Zinc (4.04), clay (33.2) and bulk density (1.31) at P<0.05 showed a high positive 

significant variation in some study locations.  

 

Exchangeable cation (EC), low clay content on the surface horizons and Base saturation (BS), were low but but considered apt for 

agronomic purposes. Effective cation exchange capacity ECEC) was considered suitable for tropical soil. The content of 

Aluminum was below the critical value and may be injurious to rice crop as aluminum toxicity increases soil reaction and 

decreases the rate of microbial activities in the soil., The concentration of K in all the soils in the study area is suitable enough for 

rice growth. The concentration of sodium is below the critical value and is considered optimum as the soils will not develop 

sodicity problem and the sodium will not be harmful to plant roots and does not inhibit plant growth, there is high predominance 

of calcium and magnesium in the soils under study. Low content of P was recorded, which is not too suitable as deficiency of P 

causes stunted growth of in cereal plants, development of few tillers, narrow short dirty green leaves and delay ripening panicles 

which produce high percentage of empty grains. Plant available Nitrogen (N) and Phosphorus (P) were low, the low total 

available N is association with low organic matter content, Bulk density values are adjudged to be low and therefore favourable 

for agronomic use 
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