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Abstract 
 
This study is to determine the equilibrium time and removal efficiency of copper by wetland soil . The wetland is located near the car 
park at College of Engineering, UNITEN. Wetland soil were collected randomly at a depth of 20 cm to 50 cm. Soil samples are then 
oven dried at 105 oC for 48 hours. After that it is let to cool down for 15 minutes before crushed and sieved through a 2.36 mm size sieve 
pan. Based on the Batch equilibrium method, the wetland soil is soaked in copper metal solution for different study time of 1, 2, 3, 5, 24, 

168 and 336 hours. Each studied time are prepared in three samples, with initial copper metal solution concentration 1 mg/l. Parallel 
method is used in order to prevent disruption on the soil to solution ratio. Results obtained show that the concentration of copper metal 
solution decreases gradually and reached a constant during the period of 24 hours to 168 hours. Desorption phenomenon also occurred 
during that period of time. The removal percentage shows an increase up to 50 %. It clearly shows that adsorption of copper metal solu-
tion by wetland soil is effective.  
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1. Introduction 

Water runoff can be a source of pollutant to the environment and 

water receivers. For example, water surface runoffs pollution oc-
curs when rainwater or melting snow washes off roads, bridges, 
parking lots and other impermeable surfaces. In the case of road 
runoff, contaminants are mainly from vehicle exhaust, sandstorm 
dust, fuels, engine oil and grease, break and tyre wears which 
contains a variety of toxic components and are transported to re-
ceiving waters, lakes, water reservoir, wetlands and other types of 
water bodies (Gardiner et al., 2016). Typical pollutants in road 

runoffs are organic compounds, nutrients and heavy metals 
(Fronczyk, 2017). According to Gill et al., 2014 heavy metals are 
the most problematic pollutants because of their toxicity.  

Heavy metals have high density and high atomic weight. Other 
than that, they cannot be biodegraded or destroyed. Heavy metals 
are accumulative in nature which causes its degree of concentra-
tion to increase (Wang et al., 2015). Some metals such as lead, 
zinc and copper have less toxicity but with the increase of concen-

tration, it can be very harmful as well. Too much exposure can 
lead to serious long and short-term effects to the human body, 
some of them are high fever, lung cancer, stomach ache, dizziness, 
organ failure and many more (Järup, 2003). 

In order to reduce heavy metal concentration, researchers ((Nel-
son, 2002; Qasaimeh et al., 2015; Yao et al., 2012) had stated that 
adsorption by wetland soil is an effective and efficient way. Ad-
sorption is a natural process where heavy metals are adsorbed by 
clay and organic matter through electrostatic attraction (Qasaimeh 

et al., 2015). It had been widely used and utilized as a treatment 
for heavy metal because it does not only creates green and recrea-
tional space but also economic friendly (Nelson, 2002). Other 

treatments such as soil replacement method, leaching, fixation, 
electrokinetic and other physicochemical treatments tend to be 
very tedious, ineffective, expensive, time-consuming and not to 
mention, not environmental friendly (Sree et al., 2016). 

2. Methodology 

In this study, time is used as the manipulating variable to deter-
mine the equilibrium time and removal efficiency of copper metal 
solution by wetland soil. Batch equilibrium method is selected to 
determine the time required for the wetland soil to reach the max-
imum capacity. Finally, flame method of Atomic Absorption 

Spectrometer (AAS) is used to analyse the amount of copper metal 
removed. 

2.1. Batch Equilibrium Method 

First, 20 g of soil samples were mixed in a plastic container con-
taining 500 ml of 1 mg/l of copper metal solution. Next, the mix-
ture was stirred for two minutes. After a defined time, the copper 
metal solution was extracted by using filter paper of pore size 1.2 

µm. Then, the extracted copper metal solution was transferred to 
an Erlenmeyer flask containing 1% of HNO3. As the volume of 
100 ml is to be used, the amount of extracted copper metal solu-
tion and HNO3 in the Erlenmeyer flask was 99 ml and 1 ml re-
spectively. All these steps were performed at lab temperature. 
Finally, the concentration of copper solution inside the flask was 
determined by using AAS flame method. Batch method was re-
peated with three samples for each studied time of 1, 2, 3, 5, 24, 
168 and 336 hours to determine its equilibrium time to reach max-

imum capacity. 
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3. Results and Discussion 

Comparisons of copper metal concentrations at studied time 1, 2, 3, 
5, 24, 168 and 336 hours are included. Other than that, data ac-
quired are related and compared to other researchers. The removal 
efficiency of copper metal solution by wetland soil is also calcu-

lated and presented in tables and charts. 

3.1. Concentration of Copper Metal Solution 

After 1 hour of contact time, copper metal solutions were tested 
using AAS to determine its absorbance value. The concentrations 
were determined by referring to the standard graph produced by 
the AAS using standard solutions prepared. Table 1 shows the 
results obtained. Each studied time of 1, 2, 3, 5, 24, 168 and 336 

hours are tested with 3 samples. 
 

Table 1: Concentration of samples after a period of time 

Time, 

hr 
Sample 

Copper Concentration, 

mg/l 
Percentage Removal, % 

1 

1 0.731 26.9 

2 0.800 20.0 

3 0.838 16.2 

2 

1 0.717 28.3 

2 0.710 29.0 

3 0.667 33.3 

3 

1 0.624 37.6 

2 0.703 29.7 

3 0.587 41.3 

5 

1 0.567 43.3 

2 0.676 32.4 

3 0.569 43.1 

24 

1 0.581 41.9 

2 0.572 42.8 

3 0.562 43.8 

168 

1 0.581 50.6 

2 0.572 50.3 

3 0.562 49.7 

336 

1 0.499 50.1 

2 0.501 49.9 

3 0.515 48.5 

Figure 1 below shows the graph of all concentrations and studied 
time of sample 1, 2 and 3. From the results obtained, we can see 
that concentration of all samples decreases with time. It shows an 
intense decrease during the first 0 to 3 hours of contact time, this 
means the rate of adsorption process occurred during this hour is 
faster. During the early hour period when soil samples were first 
exposed to the copper solution, adsorption process occurred at its 

peak rate because of abundant site activities. After 5 hours, it 
starts to slowly decline and finally reaching a constant until 336 
hours. This indicates that the maximum capacity had been reached 
after 168 hours or more of contact time, however, a study per-
formed by Sangiumsak & Punrattanasin, (2014) said that the equi-
librium time of copper adsorption occurred within 6-12 hours. As 
time goes by, more and more copper metals are being adsorbed 
into the soil and because heavy metals are non-degradable, it tends 
to bio-accumulate causing the soil to be saturated and increase in 

metal concentration (Cataldo & Wildung, 1978). Therefore at this 
hour, the wetland soil had reached its maximum capacity of cop-
per metal adsorption. At the end of the graph, we can see that it 
increases slightly during 336 hours, it is due to desorption oc-
curred as the soil is in equilibrium within the bulk phase (Mos-
quera-Vivas et al., 2018). 
 

 
Fig. 1: Concentration against time graph 

3.2. Removal Efficiency of Wetland Soil 

From Table 1 above, we can see that the wetland soil has an in-
creasing percentage removal as the contact time increases. For 

sample 1, early stages of contact time (0 - 3 hours) has a percent-
age removal of ranged 26 % to 30 %. After that, it increases 
slightly until reaching a constant of almost 50 % removal efficien-
cy. As for sample 2 and 3, it shows a similar pattern to percentage 
removal of sample 1, with highest percentage removal of almost 
50%. The results are also plotted in Figure 2. For a retention time 
of 3 hours in wetland, we can assume that it is enough to reach a 
removal of 30% copper metal solution in the water. Although the 
result looks promising, the wetland soil will eventually reach an 

equilibrium within the bulk phase where adsorption will stop and 
desorption starts. In order to maintain the effectiveness of wetland 
soil in the adsorption process, a period of resting is needed for the 
wetland to regain its function. For now, humans are still very de-
pendent on Mother Nature in this situation.  

 
Fig. 2: The percentage removal against time 

4. Conclusion  

In This study investigated the removal efficiency of copper metal 
solution by wetland soil. We can clearly see from the graph con-
centration vs time produced, the concentration of copper metal 

solution decreases gradually and finally coming to a constant. This 
indicates that the wetland soil had reached its equilibrium time or, 
in other words, maximum capacity. On the other hand, from the 
removal efficiency table produced, we can see that all three sam-
ples have increasing percentage removal up until the maximum 
capacity of the soil. In average, the removal efficiency of copper 
metal solution by wetland soil is about 50 %. 
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