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Abstract 

This work evaluated the potential to use saw dust based bio char in the treatment of mercury 
contaminated gold tailings wastewater. A sample of saw dust was first pyrolysed to produce bio char 
at 250 ◦ for 30 minutes. The bio char was then ground to particle size of 0.5 mm so as to enhance the 
bio adsorption properties as well as to increase the surface area. The bio char which had a surface area 
of 500-700 m2/g was put in contact with the wastewater for 40 hours noting the change in mercury 
content using AAS. The variation in mercury content was noted for changing pH. of 4-8 and bio char 
loading of 2-6 g/L. Highest mercury removal of >90% were noted at pH. of 8 and bio char loading of 
6 g/L. From the study it can be concluded that saw dust based bio char provides an adsorbent that can 
lower mercury content in gold tailings wastewater  
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1.Introduction 

Mercury is a heavy metal that is readily available and affordable and is widely used in the gold mining sector. 
Gold is processed through various stages which include: ore extraction, crushing, grinding, concentration, 
roasting, metal extraction, metal recovery and refining. The gold processing process using a lot of mercury (Hg) 
as part of its amalgamation process (Figure 1). This mercury like any other heavy metal if disposed to water 
bodies or is in contact with the human body has potential to cause problems in the blood circulatory systems, 
kidney diseases and rheumatoid arthritis due to its toxicity and bio accumulative nature. Tailings that are 
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generated from the gold processing are high in mercury and have potential to result in groundwater 
contamination.  

 

Figure 1. Uses of mercury in mercury processing (Veiga et al., 2006) 

There is therefore a need to treat the gold mining process tailings dam water for removal of the mercury using 
low cost and low technology treatment technologies. The required mercury concentrations in wastewater 
effluent should be within 0.00003 mg/L (Babel and Kurniawan., 2003). On the other hand, biomass adsorbents 
from saw dust, cornstover, rice husk, bagasse among others have been reported to be excellent adsorption 
medias for heavy metals in wastewater (Khan et al., 2001; Wong et al., 2003; Arana et al., 2017). The heavy 
metals are removed from the wastewater through a process called bio adsorption whereby the biomass derived 
bio adsorbents are applied. Usually waste biomass is used as a raw material to produce bio char as a waste 
management initiative for mitigation of the release of climate change related gases such as carbon dioxide and 
methane (Vinodhini et al., 2010). This study therefore focussed on the assessment on the potential to use 
biomass adsorbents from saw dust for use in mercury removal from gold processing tailings wastewater.  

2. Materials and methods 

Saw dust from a local timber mill was used as the raw material for bio char preparation. A sample of 1kg of the 
saw dust was pyrolysis in a lab scale pyrolysis reactor at a temperature of 250 ◦C for 30 minutes. The bio char 
was ground to finer particles to of 0.5 mm sieve allow it for use as a bio adsorbent. The bio char calorific value 
was determined using an adiabatic bomb calorimeter model C500. The bio char moisture content was measured 
by oven drying a 300g sample for 24 hours at 105 ◦C in a Memmert oven. The bio char ash content was 
determined by heating a 1g sample in the oven at 250 ◦C for 60 minutes until all the volatiles burnt off. The 
yield of the saw dust based bio char was calculated by dividing the amount of char produced against the amount 
of saw dust used before pyrolysis in accordance to Equation 1. 

%𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵ℎ𝑎𝑎𝑎𝑎 𝑦𝑦𝐵𝐵𝑦𝑦𝑦𝑦𝑦𝑦 = �
𝑀𝑀𝑎𝑎𝑀𝑀𝑀𝑀 𝐵𝐵𝑜𝑜 𝑏𝑏𝐵𝐵𝐵𝐵 𝐵𝐵ℎ𝑎𝑎𝑎𝑎
𝑀𝑀𝑎𝑎𝑀𝑀𝑀𝑀 𝐵𝐵𝑜𝑜 𝑀𝑀𝑎𝑎𝑠𝑠 𝑦𝑦𝑑𝑑𝑀𝑀𝑑𝑑

� 𝑋𝑋 100 … … … … … … … . . (1) 

The surface area of the bio char was measured using the Brunauer-Emmett-Teller (BET) specific surface area 
technique. The adsorption efficiency of the mercury by the saw dust bio char was determined in accordance to 
Equation 2:  

%𝑆𝑆 =  
(𝐶𝐶𝑂𝑂 − 𝐶𝐶𝐾𝐾)

𝐶𝐶𝑂𝑂
 𝑋𝑋 100 … … … … … … … … … … … … … … … … … … (2) 
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Where Co is the output concentration of mercury in milligrams per litre and Ck is the concentration of mercury 
in milligrams per litre at a given time after adsorption.  

Bio char loadings of 2-6 g/L of wastewater were used in a 2L of gold tailings wastewater sample over a contact 
period of 40 hours. The gold mining tailings wastewater was characterized in accordance to APHA (2005). The 
wastewater was passed continuously in column of with 5cm and height 100 cm. The column was packed with 
quartz, sand and the bio char from the bottom in the ratio 1: 1: 2. The tailings wastewater was obtained from a 
local gold mining plant. The pH in the gold tailings wastewater was ranged between 4-8 using 0.1M NaOH or 
HNO3 as required. The mercury concentration in the wastewater was determined using a Variant SpectraAA 300 
AAS spectrophotometer. The pH was determined using a Hanna HI 990101 pH probe.  

3. Results and discussion 

3.1 Bio char characteristics 

The characteristics of the bio char are given in Table 1. The bio char had particle size ranging from 0.5mm and 
surface area of 500-700 m2/g. These properties allowed the bio char to be effectively used as a bio adsorbent.  

Table 1. Physicochemical characteristics of the saw dust bio char 

Property Value 
Calorific value 16.7-21.3 MJ/kg 

Moisture content 3.1-4.2% 
Ash content 11.8-17.1% 
Surface area 500-700 m2/g 

Yield 55-60% 
 

3.2 Effect of various parameters 

Effect of pH 

The mercury content decreased with increase in retention time at a bio char loading of 6 g/L for all the various 
pH ranging from pH 4-pH 6 (Figure 2).  Lowest mercury content of less than 0.01 mg/L were achieved at pH of 
6 (Figure 2). During the process of bio adsorption, the pH has an effect on the metal ion solubility and the total 
charge of the bio adsorbent, highly acidic media affects the competitive ability of hydrogen ions hence low bio 
adsorption efficiency (Kumar et al., 2011; Tripath and Ranjan, 2015).  

 

Figure 2. Effect of varying pH on mercury content at bio char loading of 6 g/L 
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Adsorption efficiency at varying pH 

The adsorption efficiency decreased with increase in adsorption time (Figure 3). The decrease with increase in 
time was attributed to the clogging of the bio char as the adsorption process time increased. The lowest 
adsorption efficiency was for pH of 4 which was as low as 20% (Figure 3).  

 

Figure 3. Adsorption removal efficiency at varying pH and bio char loading of 6 g/L 

Effect of varying bio char concentration 

The mercury content decreased significantly with increase in the adsorption time to 40 hours with a bio char 
loading of 6 g/L having the highest removal to up to 0.004 mg/L of mercury (Figure 4). Biomass derived bio 
adsorbents provide the binding sites for the adsorption process to take place during wastewater treatment (Gupta 
et al., 2010; Beesly et al., 2015). The higher the bio char loading, the many the sites available binding hence the 
effective mercury removal at loadings of 6 g/L.  

 

Figure 4. Effect of varying bio char concentration at constant pH 
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Adsorption removal efficiency at varying bio char loading 

The adsorption efficiency decreased with increase in the adsorption time of up to 40 hours (Figure 5). The 
highest adsorption efficiency was observed at a loading of 6 g/L and this trend was attributed to the high 
mercury capture by the bio char at high loading.  

 

Figure 5. Adsorption removal efficiency at varying bio char loading 

4. Conclusion 

Bio char from saw dust provides a good raw material for bio adsorbents with good properties for application in 
gold mining wastewater treatment with mercury as the target contaminant. Mercury concentrations were 
significantly reduced to less than 0.004 mg/L for bio char loading of 6 g/L at a pH of 8. The adsorption 
efficiency was as high as 90% and was dependent on the adsorption time, bio char loading and pH of 
wastewater. The treated wastewater can be safely disposed of to water bodies due to the low mercury content 
obtained. The application of saw dust as a biomass derived bio adsorbents provides both a low cost solution for 
gild tailings wastewater treatment and also a waste management solution for saw dust from the timber milling 
industry. 
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