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The process of modeling contaminant volume, rainfall intensity, and soil depth was investigated on 
diesel leaching and retention in soil subjected to oil pollution from five Base Transceiver Stations. The 
experimental runs were carried out over three operating parameters which include contaminant volume 
(50-350 ml), rainfall intensity (5- 10 mm/h), and soil depth (30 - 90 cm) using Response Surface 
Methodology. Among all variables, soil depth and rainfall intensity significantly influenced the diesel 
leaching rates. According to results that were found out via ANOVA, the model was fitted to the 
experimental data with high coefficients. Furthermore, using the statistical modeling approach, the 
rates predicted via RSM were estimated by varying the contaminant volume at 10 ml, rainfall intensity is 
7.5 mm/h; soil depth yielded 54.3 cm while the amount of diesel leached and retained gave 5958.8 mg/L 
and 3682.5% respectively at the desirability of 1.00. However, at a soil depth of 30 cm, contaminant 
volume was found to be 50 ml, rainfall intensity is at 10 mm/h to obtain maximum diesel leaching rates, 
and the amount retained in the soil. The model was validated by computing the %error, which ranges 
between 0.04 and 8%. This indicates that the model can be implemented.  
 
Key words: Diesel leaching, soil pollution, organic pollutants. 

 
 
INTRODUCTION 
 
This study is conceived out of the challenge faced by 
telecommunications companies from litigations and 
regulatory sanctions due to contaminations arising from 
maintenance activities at base transceiver stations (BTS) 
sites. Telecommunications companies have made huge 
investments in providing power at (BTS) sites to serve 
growing customers (Olukolajo et al., 2013; Patti and 
Siana, 2016). Diesel in soil has been known to contain 
Polycyclic     Aromatic     hydrocarbons      (PAHs)     and 

Polychlorinated Biphenyls (PCBs). Polycyclic aromatic 
hydrocarbons are persistent organic pollutants (POPs) 
that are resistant to degradation, remain in the 
environment for longer periods (Venkata et al., 2009), 
and have the potential to cause adverse environmental 
effects (Kordybach, 1999). PAHs have unique stable 
structures that persist in the environment (Sugiura et al., 
1997) and highly hydrophobic, so these have a strong 
attraction to soil particles (Sung et al.,  2001). PAHs have  
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been proven to contain compounds that affect 
underground water negatively. These compounds include 
xylene, toluene, and benzene. The process of utilizing 
these products associated with human mismanagement 
leads to the spill of these products in the environment in 
and around many BTS sites (Aderoju et al., 2014). These 
compounds are harmful to aquatic life and by extension, 
humans. The consumption of aquatic products 
contaminated with the aforementioned compounds can 
lead to adverse health concerns that could result in organ 
failures, cancer in humans, and even death. It has also 
been proven that PAHs also inhibit plant growth by 
increasing soil PH and impeding the adequate flow of 
oxygen in the soil. The contaminants generated during 
generator maintenance cycles at BTS sites have proven 
to be harmful and toxic (Peter and Tien-Chien, 2018). 
This limitation of aerobic activities in the soil affects the 
growth of crops and plants thereby adversely affecting 
food generation and life sustainability in the impacted 
environment. Oil products, including petrol, not only 
modify the physico-chemical and biological properties of 
the soil but also contribute to limitations of the productive 
ability of arable crops (Wyszkowska et al., 2002). It is 
worthy of note that the source of petroleum products is 
crude oil. Crude is refined to get different petroleum 
products and by-products. These products are made 
through very complex mixtures of hydrocarbons. 
However, when these petroleum products are spilled onto 
the environment, there occur changes due to the action 
of sunlight and weather which breakdown its 
components. The analysis of the impact of the leaching 
rate of spilled diesel and waste engine oil on the 
environment can be done by analyzing total petroleum 
hydrocarbons (TPH). The changes in the TPHs are 
because of leaching of the petroleum hydrocarbons. As 
the hydrocarbons find their way into the soil, they change 
in form. The changes can be due to biodegradation of 
some of the compounds or in some cases as they 
volatilize. EPA (2017) noted that aerobic biodegradation 
is very effective in soils that are relatively permeable to 
allow the transfer of oxygen to subsurface soils where the 
microorganisms are degrading the petroleum 
constituents. However, not all petroleum products leach 
into the environment. Some are non-mobile and remain 
on the surface of the soil. The components that volatilize 
or remain on the surface of the soil are less harmful or 
impactful than those that leach into the soil. The latter are 
those we are more concerned with as they are most likely 
to impact soil quality, texture, and at times, underground 
water. Design of experiment and response surface 
methodology (RSM), as a statistical analysis technique, is 
a widely used methodology for analysis and optimization 
of the application of different factors or treatment 
technologies in the oil spill process (Sharma et al., 2009; 
Zahed et al. 2010). For instance, Mohajeri et al. (2010) 
employed RSM to optimize oil concentration biomass, 
nitrogen,       and       phosphorus      concentrations      in 

 
 
 
 
bioremediation of crude oil sediment samples during 60 
days trial period, obtaining 83% removal under the 
optimum conditions. 

Given this, the present study seeks to investigate the 
conditions in which the independent variables, 
contaminant volume, rainfall intensity, and soil depth 
influences the amount of diesel leached and retained in 
soil subject to pollution from diesel generators at BTS 
site. 
 
 
MATERIALS AND METHODS 
 
Description of the study area 
 
Rivers State is one of the 36 states of Nigeria located between 
6°58’26.508” E, 4°58’24.996” N. According to census data released 
in 2006, the state has a population of 5,198,716, making it the sixth-
most populous state in the country (Mohajeri et al., 2010). Its capital 
and largest city, Port Harcourt, is economically significant as the 
center of Nigeria's oil industry. Rivers State is bounded on the 
South by the Atlantic Ocean, to the North by Imo, Abia and the 
Anambra States, to the East by Akwa Ibom State, and to the West 
by Bayelsa and Delta states. Rivers State is a predominantly low-
lying pluvial state in southern Nigeria, located in the eastern part of 
the Niger Delta on the oceanward extension of the Benue Trough. 
The inland part of the state consists of a tropical rainforest, and 
towards the coast, the typical Niger Delta environment features 
many mangrove swamps. Rivers State has a total area of 11,077 
km² (4,277 mi²), making it the 26th largest state in Nigeria. Rainfall 
is generally seasonal, variable, as well as heavy, and occurs 
between March and October through November. The wet season 
peaks in July, lasting more than 290 days. The only dry months are 
January and February having little to no effect. Total annual rainfall 
decreases from about 4,700 mm (185 in) on the coast, to about 
1,700 mm (67 in) in the extreme north. It is 4,698 mm (185 in) at 
Bonny along the coast and 1,862 mm (73 in) at Degema. For Port 
Harcourt, temperatures throughout the year are relatively constant 
with little variation throughout the seasons. Average temperatures 
are typically between 25−28°C. Some parts of the state still receive 
up to 150 mm (6 in) of rainfall during the dry period. Relative 
humidity rarely dips below 60% and fluctuates between 90% and 
100% for most of the year (Olatunji et al., 2019) (Figure 1). 
 

 

Description of the soil 
 

The soil samples used in this study were obtained from BTS sites in 
Rivers State. Five samples were obtained from the study area. The 
samples were analyzed in the laboratory to determine the 
predominant soil type at BTS sites where the samples were 
obtained. The predominant soil types were obtained through grain 
size analysis using the hydrometer method. At the end of the 
laboratory analysis, it was observed that the soils at the BTS sites 
are predominantly made up of sand and silt with a little amount of 
gravel. Therefore, the 5 BTS site as sampled in the study area is 
shown in Table 1. 

This study is designed to evaluate the modeling of leaching rates 
of different types of contaminated soils at BTS sites within Rivers 
State, Nigeria. Leaching refers to the movement or washing away 
of water-soluble compounds from the soil or into lower layers of 
subsoil while retention refers to the ability of the soil to hold or 
contain contaminants within a confined boundary. The different 
sites were sampled for diesel contamination. The different soil 
samples will be applied to the three soil samples collected above 
during dry and rainy seasons. The samples were collected  using  a
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Figure 1. Map of the study area showing the BTS sites. 

 
 
 

Table 1. Physical characteristics of the soil at different sites (grain distribution size using the hydrometer method). 
 

BTS site Coordinates Clay Silt Sand Gravel 

Ahoada 5.0828° N 6.6585° E     

Buguma  4.7403° N 6.8619° E     

Emuoha 4.8843° N 6.8726° E     

Port Harcourt 4.8156° N 7.0498° E     

Degema 4.5699° N 6.9639° E      

 
 
 
mesocosm in which leachates were collected after applying 
contaminants four weeks each; leaching rates were measured 
weakly for each soil sample type and readings were recorded to 
ascertain the leaching rates of the soil samples for different weather 
conditions. There will be a site D that will be used for control where 
there is no form of mitigation and contamination. The site E will 
have a geosynthetic membrane (Polythene) as a control parameter 
for the pollutants. Each of these BTS sites will have an associated 
baseline study area to compare the level of pollution with the 
treatment site.  The amount of diesel remaining will be measured at 
various depths for both the baseline and study area. Three BTS 
sites with high levels of contamination will be identified and samples 
of spilled diesel collected from these sites. The sites were selected 
based on complaints of diesel oil spillage by field support engineers 
or managed service vendors and Telecom  infrastructure  providers. 

Identification of sites and checks for appropriateness was done.  
 
 
Design of experiment (DOE) 
 
The experimental design was set up using DOE software Version 
11.0.1. with 33 factorials. The variables and their range are given in 
Table 1. This range was carefully chosen based on previous 
studies. The variables are coded as contaminant volume (A), 
rainfall intensity (B), and soil depth (C) accordingly. Generally, each 
factor in Central Composite Design has five stages and grouped 
into three design points, which are identified as two stages of 
factorial points, well-defined as 1 and -1, (axial points), and a 
(center point) defined as 0 (Table 2). The center points are primarily 
repetitive trial arrays closer to the center of factor space to  endorse  
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Table 2. Experimental design and level of independent process variables. 
 

Independent variable Unit Factor 
Coded level 

-1 0 +1 

Contaminant volume ml A 50 200 350 

Rainfall intensity  mm/h B 5 7.5 10 

Soil depth  cm C 30 60 90 

 
 
 

Table 3. Diesel oil leaching and retention in soil as affected by independent variables. 
 

Runs A (ml) B (mm/h) C (cm) Response 1: R (%) Response 2: L (mg/L) 

1 50 5 30 5325.27 5824.68 

2 200 5 30 4511.43 5033.24 

3 350 5 30 5045.33 2440.55 

4 50 7.5 30 4309.87 4869.46 

5 200 7.5 30 3646.81 5332.93 

6 350 7.5 30 4311.76 4439.82 

7 50 10 30 3567.00 3154.90 

8 200 10 30 4199.32 5148.81 

9 350 10 30 5066.66 5400.93 

10 50 5 60 3976.33 7124.03 

11 200 5 60 3233.91 6573.57 

12 350 5 60 3556.31 4550.36 

13 50 7.5 60 3880.34 6291.02 

14 200 7.5 60 3772.12 6839.91 

15 350 7.5 60 3752.45 6000.96 

16 50 10 60 4860.28 4300.10 

17 200 10 60 4492.45 6245.02 

18 350 10 60 5337.21 6811.92 

19 50 5 90 9843.15 2510.77 

20 200 5 90 8773.15 2211.91 

21 350 5 90 8773.50 153.170 

22 50 7.5 90 9623.85 1265.76 

23 200 7.5 90 9113.75 2044.96 

24 350 7.5 90 10443.4 1292.45 

25 50 10 90 11343.7 -540.34 

26 200 10 90 11343.9 1345.03 

27 350 10 90 11317.2 1900.13 
 

R=Retained; L=Leached. 

 
 
 
the best prediction potential. In the present study, there are 27 
experimental runs (Table 3). 
 
 
Experimental set-up and procedures 
 
Samples were collected and sealed in plastic containers to be 
resampled. The reason for the resample is to remove materials that 
might impact the results or tests e.g. gravel, stones, wooden/plastic 
materials, and roots of plants. The soil in the plastic containers was 
kept sealed until they were ready for sampling to avoid 
contamination. Samples were preserved and characteristics of soil 
samples   were   obtained   using   guidelines   found  in  the  QAPP 

(Thompson et al., 2004). Instruments and apparatus used include, 
shovel, hand trowels, plastic bottles, auger, drilling bits, density 
measurement equipment, and sieves. For every randomly selected 
BTS within the study area, the soil samples were extracted at 
various depths of 30, 60, and 90 cm, as is consistent with the 
design of the experiment. For every 30 cm depth, 9 samples of 
undisturbed soil were collected using galvanized steel mesocosms. 
Similarly, for each of 60cm and 90cm depth, 9 samples of 
undisturbed soil were collected using galvanized steel mesocosms. 
The experimental set-up consists of 2 major aspects (1) Rainfall 
simulator set-up, and (2) Mesocosm set-up. The rain simulator, 
mesocosm set-up for collection of leachates, determination of total 
petroleum  hydrocarbon,  and  soil   hydrocarbon   extraction   water 



 
 
 
 
content were carried out. 
 
 
Statistical modeling 
 
Factorial design and response surface methodology were used for 
experimental design and data analysis. A 33 - factorial design with 
contaminant volume (A) in ml, rainfall intensity (B) in mm/h, and soil 
depth (C) in cm, as the independent variables were used. They 
were coded at three levels between -1 and +1. The ranges of the 
individual factors (independent variables) were chosen and 
presented in Table 2. The statistical design expert software was 
used to design the experiment and data analysis. Response 
Surface Methodology (RSM) was applied to predict the operating 
condition for the amount of diesel leached and that retained in the 
soil from our previous study. Three dimensional (3D) graphs were 
achieved, based on the effects of three process parameters on the 
two responses, as well as their interactions to obtain the optimum 
leaching rate and conditions for the amount of diesel retained in the 
soil. Table 3 demonstrates the responses (L and R) against the 
respective experimental run, designed using RSM. The response 
surface methodology developed a relationship between process 
variables (A, B, and C) and the responses (L and R). The RSM 
analysis and optimization of process parameters were carried out in 
design expert software. 
 
 
RESULTS AND DISCUSSION 
 
Experimental result 
 
The experimental result for the response parameters as 
well as the independent variables is shown in Table 3, 
following the 27 runs from the experimental design. 
 
 
Effects of independent variables on the amount of 
diesel leached and retained 
 
The following graphs from Figures 2 and 3 show the 
interaction between independent variables on the amount 
of diesel oil leached and retained in the soil. The effects 
of the factors on the response were measured using a 3D 
surface plot and contour plots which indicate the 
interaction between the variables. It shows the factors 
(soil depth and rainfall intensity, contaminant volume) 
significantly affect the response variables that were 
leached, and retained.  

In Figure 1A and B, there is a significant effect when 
rainfall intensity and contaminant volume are combined 
on the interaction of the amount of diesel retained in the 
soil. On the other hand, the response retained increased 
significantly as contaminant volume increases in Figure 
1C and D. Similarly, the amount of diesel retained 
increased significantly with an increase in rainfall intensity 
at lower soil depth. This shows that at lower soil depth 
with a high rainfall leaching rate is reduced. Again, in 
Figure 4A, and B, leaching reduces as contaminant 
volume decreases at higher rainfall intensity. This is 
similar to Figure 3B, C where the amount of diesel 
leached decreased significantly  as  contaminant  volume 
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decreases with increasing soil depth. The case in Figure 
3E and F also follows the same order which shows that 
the amount of diesel leached decreases at increasing soil 
depth and decreasing rainfall intensity. 
 
 
Analysis and model equations 

 
To perform a statistical analysis of the results Analysis of 
Variance (ANOVA) was used (Ceylan et al., 2008; Voneiff 
et al., 2014, 2013). As shown in Tables 4 and 5, 
contaminant volume (ml), rainfall intensity (mm/h), soil 
depth (cm), which are the operating parameters with 
three levels (-1, 0, and +1) were utilized for the diesel 
leaching process. The system responses were measured 
in terms of the amount of diesel leached and retained in 
the soil. The effect of operating parameters was 
investigated using 3

3 
factorial, 27 runs experiments. Lack 

of fit test was observed to be non-significant, which is 
adequate, thus the model can predict the amount of 
diesel leached and retained within the design range of 
variables. Tables 4 and 5 show the analysis of variance 
(ANOVA) between the statistical model and experimental 
values for the independent variables (factors) and the 
response parameters as well as the coefficient of 
correlation for each response. 

The model F-value of 230.86 implies the model is 
significant. There is only a 0.01% chance that an F-value 
this large could occur due to noise. P-values < 0.05 
indicate model terms are significant. In this case, B, C, 
AB, BC, A², B², C² are significant model terms. All values 
> 0.1 indicate the model terms are not significant. If there 
are many insignificant model terms (not counting those 
required to support hierarchy), model reduction may 
improve the model. The predicted R² of 0.9770 is in 
reasonable agreement with the adjusted R² of 0.9876; 
that is, the difference is less than 0.2. adeq precision 
measures the signal to noise ratio. A ratio greater than 4 
is desirable. The ratio of 42.473 indicates an adequate 
signal. This model can be used to navigate the design 
space. This agrees with the postulations given by Ameen 
et al. (2019) and Ndukwu et al. (2019). 

The final model equation in terms of actual factors: 

 

   (1) 

 
where   is the contaminant volume (ml),   is the rainfall 
intensity (mm/hr) and   is the soil depth (cm). 

The equation in terms of actual factors can be used to 
make predictions about the %retained for given levels of 
each factor. Here, the levels should be specified in the 
original units for each factor. The model F-value of 
1167.57 implies the model is significant. There  is  only  a

%𝑅𝑒𝑡𝑎𝑖𝑛𝑒𝑑 = 19468.4 − 12.3 − 1735.3 − 394 + 0.83  − 0.028  + 9.63  

+ 0.02 2 + 78.73 2

+ 3.51 2                                                                                                          
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Figure 2. Showing the 3D surface and contour plots. A,B, Effect of rainfall intensity and contaminant volume on 
retained; (C, D, effect of contaminant volume and soil depth on retained. 

 
 
 
0.01% chance that an F-value this large could occur due 
to noise. P-values < 0.05 indicate model terms are 
significant. In this case, A, B, C, AB, AC, BC, A², B², C² 
are significant model terms. Values > 0.1 indicate the 
model terms are not significant. If there are many 
insignificant model terms (not counting those required to 
support hierarchy), model reduction may improve the 
model. The predicted R² of 0.9948 is in reasonable 
agreement with the adjusted R² of 0.9975; that is, the 
difference is less than 0.2. Adeq precision measures the 
signal to noise ratio. However, a ratio greater than 4 is 
desirable. The ratio of 117.068 indicates an adequate 
signal. This model can be used to navigate the design 
space. 

The final equation in terms of actual factors: 

       (2) 
 
 
Model validation 
 
In this study, the statistical model was validated by 
comparing experimental and predicted values as well as 
the residuals obtained from the RSM analysis (Table 6). 
Also, a graph of experimental values of the amount of 
diesel leached and retained in the soil versus predicted 
values was generated (Figure 3). The effects of operating  
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Figure 3. Showing the 3D surface and contour plots (E, F) Effect of rainfall intensity and soil depth on retained. 
 
 
 

Table 4. ANOVA for the quadratic model, response 1: retained (%), R2=0.9919. 
 

Source SS df MS F-value p-value Remarks  

Model 2.163E+08 9 2.404E+07 230.86 < 0.0001 Significant 

A-Contaminant volume 42436.58 1 42436.58 0.4075 0.5317 
 

B-Rainfall intensity 4.004E+06 1 4.004E+06 38.45 < 0.0001 Significant 

C-Soil depth 1.422E+08 1 1.422E+08 1365.61 < 0.0001 Significant 

AB 1.153E+06 1 1.153E+06 11.07 0.0040 Significant 

AC 1.871E+05 1 1.871E+05 1.80 0.1978 
 

BC 6.255E+06 1 6.255E+06 60.07 < 0.0001 Significant 

A² 1.233E+06 1 1.233E+06 11.84 0.0031 Significant 

B² 1.453E+06 1 1.453E+06 13.95 0.0016 Significant 

C² 5.982E+07 1 5.982E+07 574.50 < 0.0001 Significant 

Residual 1.770E+06 17 1.041E+05 
   

Cor Total 2.181E+08 26 
    

 
 
 

parameters including contaminant volume, rainfall 
intensity, soil depth, which affects the amount of diesel 
leached/retained in the soil were studied utilizing 3

3
 

factorial experiments known as one of the methods of 
response surface methodology (RSM). Furthermore, 
parameters that significantly affect the leaching rates 
were evaluated and optimized. To obtain the maximum 
response of the experiment, the optimum values were 
determined from the model (Table 6). For this purpose, 
an experiment was conducted at the optimum operating 
conditions. Also, the percentage error obtained from the 
experimental response and the predicted response value 
was calculated by Equation 3: 
 

    (3) 

The results shown in Table 6 represent the small amount 
of error resulting from experimental and predictive values. 
Also, the proximity of these values confirms the validity of 
the model and the value obtained at the optimum 
condition. The computational error is mostly considered 
to be less than 3% acceptable and represents the 
accuracy of the model at about 97%. From Figure 5 (A-D 
above it can be seen that model fits the experimental 
data by comparison of predicted values versus the actual 
value. The amount of diesel retained in the soil yielded 
5744.7% while the leached amount is 5716.8 mg/L at the 
desirability of 0.719. 

Given a contaminant volume of 250 ml, rainfall intensity 
is 5 mm/h; soil depth is still 30 cm. The amount of diesel 
leached and retained is 4352.1 mg/L and 4559.6% 
respectively. In the  modeling  process,  it  was  observed 

hand, the response retained increased significantly as contaminant volume increases in figure 

1C, D. 

  

Figure 2. Showing the 3D surface and contour plots (E, F) Effect of rainfall intensity and soil 

depth on retained. 

Similarly, the amount of diesel retained increased significantly with an increase in rainfall 

intensity at lower soil depth. This shows that at lower soil depth with a high rainfall leaching  
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Figure 4. 3D surface and contour plots. A, B, Effect of rainfall intensity and contaminant volume on 
leached; C, D, effect of contaminant volume and soil depth on leached; E, F, effect of soil depth and 
rainfall intensity on amount of diesel leached. 
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Table 5. ANOVA for quadratic model for response 2: leached (mg/l), R2=0.9984. 
 

Source SS df MS F-value p-value Remarks  

Model 1.313E+08 9 1.459E+07 1167.57 < 0.0001 Significant 

A-Contaminant volume 1.820E+05 1 1.820E+05 14.57 0.0014 Significant 

B-Rainfall intensity 3.918E+05 1 3.918E+05 31.36 < 0.0001 Significant 

C-Soil depth 4.822E+07 1 4.822E+07 3859.71 < 0.0001 Significant 

AB 2.006E+07 1 2.006E+07 1605.35 < 0.0001 Significant 

AC 2.344E+05 1 2.344E+05 18.77 0.0005 Significant 

BC 5.535E+05 1 5.535E+05 44.30 < 0.0001 Significant 

A² 3.506E+06 1 3.506E+06 280.65 < 0.0001 Significant 

B² 7.983E+05 1 7.983E+05 63.90 < 0.0001 Significant 

C² 5.734E+07 1 5.734E+07 4589.56 < 0.0001 Significant 

Residual 2.124E+05 17 12493.44 
   

Cor Total 1.315E+08 26 
    

 
 
 
Table 6. The experimental and predicted values of leached and retained. 
 

Runs Exp - R PD - R Residual - R Exp - L PD - L Residual - L %Error- R %Error-L 

1 5325.27 5144.68 180.59 5824.68 5716.77 107.91 3.39119 1.852634 

2 4511.43 4554.78 -43.35 5033.24 4948.08 85.160 -0.96089 1.691952 

3 5045.33 4871.55 173.78 2440.55 2650.48 -209.93 3.444373 -8.60175 

4 4309.87 4092.25 217.62 4869.46 4855.95 13.510 5.04934 0.277443 

5 3646.81 3812.33 -165.52 5332.93 5380.07 -47.14 -4.53876 -0.88394 

6 4311.76 4439.07 -127.31 4439.82 4375.28 64.540 -2.95262 1.453663 

7 3567.00 4023.99 -456.99 3154.90 3265.60 -110.70 -12.8116 -3.50883 

8 4199.32 4054.04 145.28 5148.81 5082.53 66.280 3.459608 1.287288 

9 5066.66 4990.75 75.910 5400.93 5370.55 30.380 1.498226 0.562496 

10 3976.33 4200.64 -224.31 7124.03 7246.39 -122.36 -5.64113 -1.71757 

11 3233.91 3485.89 -251.98 6573.57 6617.47 -43.90 -7.79181 -0.66783 

12 3556.31 3677.80 -121.49 4550.36 4459.65 90.710 -3.41618 1.993469 

13 3880.34 3870.21 10.130 6291.02 6170.80 120.22 0.26106 1.910978 

14 3772.12 3465.43 306.69 6839.91 6834.69 5.2200 8.130441 0.076317 

15 3752.45 3967.32 -214.87 6000.96 5969.68 31.280 -5.72613 0.52125 

16 4860.28 4523.95 336.33 4300.10 4365.68 -65.58 6.919972 -1.52508 

17 4492.45 4429.14 63.310 6245.02 6322.38 -77.36 1.409253 -1.23875 

18 5337.21 5241.01 96.200 6811.92 6750.18 61.740 1.80244 0.906352 

19 9843.15 9571.73 271.42 2510.77 2593.26 -82.49 2.757451 -3.28545 

20 8773.15 8732.12 41.030 2211.91 2104.12 107.79 0.467677 4.873164 

21 8773.50 8799.18 -25.680 153.170 86.07 67.100 -0.2927 43.80753 

22 9623.85 9963.31 -339.46 1265.76 1302.91 -37.15 -3.52728 -2.935 

23 9113.75 9433.67 -319.92 2044.96 2106.57 -61.61 -3.5103 -3.01277 

24 10443.36 9810.71 632.65 1292.45 1381.33 -88.88 6.057916 -6.87686 

25 11343.72 11339.05 4.6700 -540.34 -716.98 176.64 0.041168 -32.6905 

26 11343.85 11119.39 224.46 1345.03 1379.49 -34.46 1.978693 -2.56202 

27 11317.22 11806.40 -489.18 1900.13 1947.07 -46.94 -4.32244 -2.47036 
 

Exp=experimental values; PD=predicted values; R=retained; L=leached. 
 
 
 
respectively. In the modeling process, it was observed 
that more  amount  of  diesel  was  leached  at  lower  soil 

depth with high rainfall intensity; while the lower amount 
of  diesel  was  leached  at  high  contaminant  volume, at  
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Figure 5. showing the normal plot of residual and predicted vs experimental values (A, B) amount of diesel leached (C, D) 
amount of diesel retained in the soil. 

 
 
 
high soil depth and high rainfall intensity. Therefore, the 
quantity of diesel leached increases at lower soil depth 
with low rainfall intensity and high contaminant volume. 
 
 
Conclusion 
 
The amount of diesel leached and retained in a polluted 
soil at the telecommunication base station was studied 
using RSM by 3

3
 factorials. The effects of operating 

parameters, such  as  contaminant  volume  (ml),  rainfall 

intensity (mm/h), and soil depth (cm) on the amount of 
diesel leached/retained in the soil were investigated. 
According to the results obtained through ANOVA, the 
model was fitted to the experimental data with high 
coefficients. The amount of diesel leached is inversely 
proportional to the amount retained in the soil. The study 
also revealed that as contaminant volume increases, the 
amount of diesel leached decreases, and vice versa. 
Similarly, the amount of diesel leached increases as 
rainfall intensity increases. Additionally, the quantity of 
diesel  leached  increases as the soil depth increases but 
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these changes/reverses when the soil depth exceeds 50 
cm; while the corresponding amount of diesel leached is 
greater than 4200 mg/L. The correlation between the 
actual and predicted retained concentration indicated that 
there is a decent relationship existing between them. 
Further analysis of the graph reveals that the retained 
concentration hovers around the trend line given a line of 
best fit with a very high correlation coefficient and 
predictive relevance of 0.9919 and 0.9984 respectively. 
This implies over 90% accuracy for retained and leached 
concentrations. Consequently with very high regresion 
coefficient for retained and leached concentrations as 
well as accurate and acceptable agreement for predicted 
and adjusted concentrations, this implies that the 
quadratic model is accurate, effective and highly 
recommended for use. 
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