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Abstract 

In this study, the dispersion of copper in streams polluted by 

industrial effluent was investigated via mathematical model. Three 

streams located in Tras-Amadi area in Port Harcourt, Rivers State of 

Nigeria, which are polluted by effluents from beverage, oil drilling 

fluids and biscuit manufacturing industries. The concentration of 

copper and other parameters were measured. However, the 

concentration of copper was further measured at every 10 meters 

intervals along the streams surface. It was shown that industrial 

effluents impair on the quality of the streams, however, the 

concentration of copper reduces as distance from the effluent disposal 

point was increased. And after 50 meters away from the effluent 

disposal point, the concentration of copper reduces even further below 

the permissible limits of 1.0 mg/l, as predicted by the model across the 

respective streams. Hence, from the high prediction accuracy and the 

degree of agreement between measured and predicted copper ion, the 

model can be applied for prediction of heavy metals in contaminated 

water bodies. 
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INTRODUCTION 

 

Water is natural resources that have wide application in all sectors. 

Because of industrial revolution and the attitude of humans towards 

handling of wastes, water bodies have been susceptible to pollution 

from chemical and biological substances, which change the quality of 

water, thereby adversely impacting on the environment negatively. 

The quality of wastewater effluents is responsible for the 

degradation of its receiving water bodies, such as lakes, rivers, 

streams, etc. The potential deleterious effects of polluted wastewater 

effluents on the quality of receiving water bodies are numerous and 

depend on the volume of discharge, the chemical and microbiological 

concentration or composition (Owili, 2003). 

Eutrophication of water sources may also create 

environmental conditions that favour the growth of toxin producing 

cyanobacteria (Eynard et al., 2000). Chronic exposure to such toxins 

produced by these organisms can cause gastroenteritis, liver damage, 

nervous system impairment, skin irritation and liver cancer in 

animals (EPA, 2000; WHO, 2006). In extension, recreational water 

users and anyone else coming into contact with the infected water is 

at risk (Resource Quality Services, 2004).  

The impacts of such degradation may result in decreased 

levels of dissolved oxygen, physical changes to receiving waters, 

release of toxic substances, bioaccumulation in aquatic life and 

increased nutrient loads (Environmental Canada, 1997). Wastewater 

is a complex resource, with both advantages and inconveniences for 

its use. Wastewater and its nutrient contents can be used for crop 

production, thus providing significant benefits to the farming 

communities and society in general. However, wastewater use can 

also impose negative impacts on communities and the ecosystems. 

The widespread use of wastewater containing toxic wastes and the 

lack of adequate finances for treatment is likely to cause increase in 

wastewater borne diseases beside environmental degradation. Some 

of the harmful effects of contaminated wastewater effluents could 

manifest after several years, while others manifest in just few days of 

exposure (Environmental Canada, 1999; WHO, 2006). 

The toxic impacts from wastewater effluents may be acute or 

cumulative, and the acute impacts are generally due to high levels of 

ammonia, chlorine, high loads of oxygen-demanding materials, or 
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toxic concentrations of heavy metals and organic contaminants, while 

the cumulative impacts are due to the gradual build-up of pollutants 

in receiving water, which only become apparent when a certain 

threshold is exceeded (Welch, 1992; Chambers et al., 1997). 

In assessing the quality of water, certain parameters are used 

as indicator, by checking if they exceed the permissible limit set by 

local and internal bodies charged with the responsibility of regulating 

water resources such the Nigerian Industrial Standards in Nigeria 

(NIS, 2007) and World Health Organisation (WHO, 1997, 2006 and 

2008). Such indicating parameters include pH, dissolved oxygen, 

BOD, COD, total dissolved solids (TDS), total suspended solids (TSS), 

turbidity, electrical conductivity and of course, heavy metals (EPA, 

1996; Smith and Davies-Calley, 2001; Gray, 2002; Mosley et al., 2004; 

Tariq et al., 2006; Salequzzaman et al., 2008). Most heavy metals are 

required for healthy living at certain amounts and these include Ca, 

Fe, K, Mg, Mn, Na, and Zn, while others such as Ag, Al, Cd, Au, Pb 

and Hg have no biological role and hence are non-essential (Horner et 

al., 1994; Muwanga and Barifaijo, 2006). Heavy metals are one of the 

most persistent pollutants in wastewater. Unlike organic pollutants, 

they cannot be degraded, but accumulate throughout the food chain, 

producing potential human health risks and ecological disturbances 

(Fakayode, 2005). In this study, the transport of copper along streams 

receiving industrial wastes was studied through a mathematical 

model, which will serve as a tool for analysis of copper dispersion in 

contaminated stream.  

 

MATERIALS AND METHODS 

 

Sample collection and Preparation 

Water samples were collected from three (3) selected streams polluted 

by brewery, oil drilling fluids and beverage industries at Trans-Amadi 

industrial area in Port Harcourt, Rivers State of Nigeria. The water 

samples were collected from the wastewater effluents discharge points 

and at every interval of 10 meters along the surface of the stream 

from the discharged point with aid of boat. The samples were put into 

sample bottles, stored in refrigerator to avoid alteration due to 

atmospheric effect before being analysed in the laboratory. The 

concentration of copper was determined with the aid of Atomic 



Ikebude Chiedozie Francis, Sylvester Chuks Ezekafor, Charles Kennedy- Modelling of 

Copper ion in Contaminated Streams Inhibited by Industrial Effluent 

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. VII, Issue 12 / March 2020 

5921 

Absorption Spectrophotometer (AAS) with model DR 3800- HACH 

according to APHA (1998). 

 

Predictive Model for Heavy Metal 

The model used to study the dispersion of copper along the streams 

followed established transport equation (Chawla and Singh, 2014; 

Patil and Chore, 2014). The model was solved and used to predict the 

concentration of copper. The model equation is stated in equation (1). 
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Where:  

C  Concentration of heavy metal (mg/l) 

k  Conductivity of contaminated water (J/s.m.K)  

pC  Specific heat capacity of contaminated water (J/kg.K) 

  Density of contaminated water (g/l) 

v  Velocity of contaminated water (m/s) 
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x Distance along the direction of transport (m) 
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For steady state condition, the differential change in concentration 

over time is constant; hence, equation (2) reduces to: 
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But for decreasing contaminant concentration with increase in 

distance of transport, concentration gradient, 
dx

dC
is negative, thus, 

equation (3) can be re-written as: 
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The solution to equation (4) can be obtained from the auxiliary 

equation as follows. 

02  vmDm        (5) 

Thus, we have: 
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For real and different roots, we have the solution to the model 

equation as: 
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To obtain values for the constants, we use the boundary conditions as 

follows.  

At oCCx  ;0  

Equation (10) becomes: 

BACo         (11) 

Again, at 0;  Cx  

Equation (3.10) becomes: 

0A         (12) 

Thus, from equation (11), we have: 

oCB         (13) 

Substituting equations (12) and (13) into (10) gives  
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Equation (14) is the predictive model obtained from equation (1). 

However, the ratio of the stream velocity, v to the dispersion 

coefficient, D was calculated by further solving equation (14).  

 

Thus, taking the logarithm of equations (14) gives as follow: 

  x
D

v
CxC o  lnln       (15) 

A plot of  xCln versus x gives a slope equivalent to 
D

v
and intercept 

equal to oCln . 

 

RESULTS AND DISCUSSION 

 

The physicochemical parameters obtained from the laboratory 

analysis of the three streams are shown in Table1. The 

physicochemical analysis shows that most of the parameters such as 

electrical conductivity (EC), turbidity and copper are above the 

permissible limits set by standards (WHO, 1997 and 2008; NIS, 2007).  

 

Table 1: Physicochemical Analysis of Waste from Receiving Water 

Parameter Site 1 Site 2 Site 3 WHO NIS 

pH 6.86 8.07 8.24 6.0-8.5 6.0-8.5 

Temp. (ºC) 27 26.7 24.2 24.28 NA 

EC (µs/cm) 10788 10552 9868 1000 1000 

Turbidity (NTU) 26.3 31.6 30.8 5 5 

BOD (mg/l) 1.8 4.3 3.1 4 NA 

COD (mg/l) 76.7 64.8 66.3 NA NA 

DO (mg/l) 4.9 6.2 5.5 3-7 3-7 

TSS (mg/l) 40.6 36.7 35.3 NA NA 

Salinity (mg/l) 1.6 0.9 1.3 NA NA 

Copper (mg/l) 3.47 2.44 3.41 1.0 NA 

 
Dispersion of copper along the streams 

The dispersion coefficient of copper was determined using equation 

(15). Thus, the coefficient of x in the linear regression equation in the 

graph in Figure 1 represents the ratio of the streams velocity to the 

dispersion coefficient of copper, which was equated to the ratio upon 

which the dispersion coefficient was obtained and then, substituted 

into equation (14) for the prediction of copper concentration at any 

point on stream. Figure 1 shows the linear plots for the three sites. 

Thus, from the evaluation, the ratio and correlation coefficient of data 

for the respective sites is shown in Table 2. Also, from equation (14) 
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after the determination of the dispersion coefficient or directly 

applying the ratio of the streams velocity to the dispersion coefficient 

of copper, the predictive equation for the respective stream is then 

used as expressed in shown in Table 3. 

 
Figure 1: Plot for determination of dispersion coefficient 

 
Table 2: Transport coefficient of the streams  

Site    v/D R2 

1 0.0289 0.9935 

2 0.0446 0.9859 

3 0.0343 0.9921 

 

Table 3: Predictive model 

Stream Model 

1 x

x eC 0289.047.3   

2 x

x eC 0446.044.2   

3 x

x eC 0343.041.3   

 

Table 4: Measured and predicted copper concentration along the 

streams upstream 

  Site 1 Site 2 Site 3 

X 

(m) 

Experiment 

(mg/l) 

Predicted 

(mg/l) 

Experim

ent 

(mg/l) 

Predicted 

(mg/l) 

Experiment 

(mg/l) 

Predicted 

(mg/l) 

0 3.47 3.47 2.44 2.44 3.41 3.41 

10 2.68 2.59907 1.75 1.56205 2.38 2.41987 

20 1.82 1.94674 1.33 1.0000 1.66 1.71723 

30 1.54 1.45813 0.74 0.64018 1.37 1.21861 

40 1.12 1.09216 0.43 0.40983 0.84 0.86477 

50 0.8 0.81804 0.28 0.26237 0.6 0.61368 

100 - 0.19285 - 0.02821 - 0.11044 

150 - 0.04546 - 0.00303 - 0.01988 

200 - 0.01072 - 0.00033 - 0.00358 
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Profile of copper ion along the streams  

The profile of iron concentration along the streams upstream 

evaluated through the model is compared with experimental values. 

Thus, the concentration of copper ion varies from stream to stream, 

and this is probably as a result of the characteristics and amount of 

waste inhibiting copper. Despite the variability in concentration of 

copper, the pattern of copper dispersion exhibited across the streams 

is similar. However, the profiles of the measured and predicted copper 

concentration for each site (stream) is shown in Figures 2 to 4, while 

the comparison of copper concentration for the three streams is shown 

Figure 5.   

 

 
Figure 2: Measured and predicted copper concentration in site 1  

 

 
Figure 3: Measured and predicted copper concentration in site 2  
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Figure 4: Measured and predicted copper concentration in site 3  

 

 
Figure 5: Comparison of copper concentration in the respective sites   

 

Figures 1 to 4 show the transport behaviour or trend of copper, Cu ion 

for each of the receiving stream for model and the experiment. This 

was to show clearly how the profiles of copper obtained from the 

experiment and the model compared. Although, copper is essential for 

plant and animal nutrition, at elevated quantity, it could make water 

distasteful to drink and very large prolonged dosage may result to 

liver damage according to WHO (2008). Copper is acutely toxic to 

most forms of aquatic life at relatively low concentrations. From the 

experimental analysis, the concentration of copper obtained at the 

discharged point (Table 4) was above the maximum permissible limit 

of 1.0 mg/l set by WHO (1997) in all the sampling sites, especially for 

drinking water requirement (NIS, 2007 and WHO, 2008). However, 

the concentration of copper decreased from the initial value detected 

at the discharged point to levels below the standard limits in all the 

streams. Thus, at 50 meters away from the source the concentration 

detected was 0.80mg/l, 0.28mg/l and 0.60 mg/l for sites 1, 2 and 3 

respectively, which reduced even further beyond 50 meters away from 

the effluent discharge point as predicted by the model.  
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CONCLUSION 

 

This study shows that the concentration of copper reduces as distance 

from the effluent disposal point was increased. Also, the amount of 

copper measured within the waste discharge point indicates that the 

streams are polluted by industrial effluents, but pollution from copper 

ion decline below the permissible limits of 1.0 mg/l set by World 

Health Organisation (WHO) after it has dispersed up to 50 meters 

away from the effluent discharged point, and decreased even further 

from 100 to 200 meters as predicted by the model across the 

respective streams. Meanwhile, there was high degree of agreement 

between measured and predicted concentration of copper, indicating 

the applicability of model for prediction of heavy metal inhibit by 

industrial effluent or any other waste discharge into water bodies.  
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