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Abstract - The aim of the present study is to assess the capacity of vegetated copper-mine tailings to eliminate cadmium 
(Cd) from aqueous solutions. The sorption measurement was carried out on cultivated tailing samples by adding 30 mL of 
CdCl2 solutions containing 0, 100, 200, 400, 500, 1000, 1500 and 2000 mg Cd L-1 in0.01 M CaCl2 solution. After 48 h, the 
concentration of Cu in the equilibrium solution was measured by atomic absorption spectrophotometer. The experimental 
data were fitted to the linear equation of the isotherm of Freundlich. Analysis of variance (ANOVA) revealed highly 
significant (P<0.001) simple effects of compost rate on the sorption parameters (Q and KF). Sorbed Cd and KF values were 
positively correlated (p0.001) with organic matter content of tailing samples. The results indicate that copper mine tailings 
amended with a commercial compost containing peat moss and shrimp wastes can fix important quantities of anthropogenic 
soluble Cd. 
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I. INTRODUCTION 
 
Cadmium (Cd) is a nonessential metal that is 
potentially toxic for the growth of plants and has the 
potential to enter the human food chain. Lime, 
phosphate or hydroxyapatite, clays and organic 
matter applications are known to be effective in 
reducing Cd toxicity in Cd-contaminated soils [1]-[4]. 
Mine tailings containing calcareous materials may 
have potential to be used as low cost heavy metal 
adsorbents, as they represent unused resources and 
are environmentally acceptable. De Coninck and 
Karam [5] demonstrated sorption of copper from 
aqueous solution by vegetated copper-mine tailings 
rich in calcareous materials. Even though substrates 
containing calcareous materials such as calcite are 
highly adsorptive in their natural state [1], their 
adsorption capacity against heavy metals could also 
be improved by addition of peat materials or organic 
amendments such as compost [5].  The aim of the 
present study is to assess the effect of applying 
commercial compost containing peat moss and 
shrimp wastes on the sorption of soluble Cd, added at 
seven levels, by copper-mine tailings after their 
cultivation with ryegrass. 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials and Procedures 
The slightly alkaline copper-mine tailings used in the 
present research originated from the Gaspé copper 
smelter at Murdochville in the province of Quebec 
(Canada). The main characteristics of vegetated 
copper-mine tailings and compost have been 
described elsewhere [6]. The samples received four 
rates (0, 10, 15 and 20%, wet basis) of a commercial 
compost containing peat moss and shrimp wastes and 
two rates of N-P-K fertilizer (0 and 3.64 g of 
complete fertilizer), and then seeded with ryegrass 

and allowed to growth in a greenhouse. After harvest, 
tailing sample in each pot was thoroughly mixed and 
a 50-g was air-dried, ground to <2 mm and analysed 
for pH in a 1:2 (w/v) tailing/distilled water and 
organic matter by standard methods [7].  
Sorption of Cd was conducted as follows: 0.50 g of 
tailing samples in 50-mL polyethylene centrifuge 
tubes was mixed with 30 mL of 0.01 M CaCl2 
solutions containing 0, 100, 200, 400, 500, 1000, 
1500 and 2000 mg L-1 of Cd as CdCl2, thus providing 
0, 6000, 12000, 24000, 30000, 60000, 90000 and 
120000 mg Cd kg-1 tailing, respectively. The tailing 
suspensions were allowed to equilibrate for 48 h at 
22C ± 0.5C with occasional shaking and then they 
were centrifuged at 2000 rpm for 10 minutes and 
decanted. Concentrations of soluble Cd in the 
supernatants were determined by atomic absorption 
spectrophotometer (Perkin Elmer AAnalyst 200). 
Sorbed Cd (Q) at each level of added Cd (100, 200, 
400, 500, 1000, 1500 and 2000 mg Cd L-1) was 
calculated as the difference between initial Cd and Cd 
in the equilibrium solution and designated as Q1, Q2, 
Q3, Q4, Q5, Q6 and Q7, respectively. The sorption 
procedure was repeated four times under the same 
conditions. 
 
2.2. Statistical Analysis 
Analysis of variance was conducted using the 
General Linear Model (GLM) statistical programme 
of the SAS package [8]. Linear correlation and 
regression analyses were used to determine the effect 
of OM and pH of vegetated tailings on Cd sorption 
parameters (KF and Q). 
 
III. RESULTS AND DISCUSSION 
 
The experimental data were fitted to the linear 
equation of the isotherm of Freundlich: log Q = log 
KF + 1/n log C, where Q is the amount of Cd retained 
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per unit weight of tailing (mg kg-1), C is the 
concentration of Cd in the equilibrium solution (mg 
L-1), KF and n are empirical constants reflecting the 
affinity and the intensity of sorption, respectively.  
   The results of Table 1 indicate that copper mine 
tailings amended with a commercial compost 
containing peat moss and shrimp wastes can fix 
important quantities of Cd from chloride solutions. 
The values of Q are much higher than those reported 
in the literature[2], [9]-[11].  

Table 1:Average values (mg Cd kg-1 tailing)of KF and Q (n = 
32) 

Variable Mean Minimum Maximum 
 
KF 74 21 147 
Q1 2268 1493 3040 
Q2 4310 3000 5740 
Q3 7888 6213 11140 
Q4 9551 7460 13636 
Q5 18347 14733 26242 
Q6 26385 21098 37678 
Q7 33873 26471 45747 
 

 
Overall treatments, compost application increased the 
sorption of Cd by the tailing from 1552 (lowest Cd 
application) to 29940 mg Cd kg-1 tailing (highest Cd 
application) in the control without compost and 
fertilizer to values ranging between 29940 (lowest Cd 
application) to 42437 mg Cd kg-1 tailing (highest Cd 
application) in the presence of compost alone. In the 
presence of fertilizer, the average values of sorbed Cd 
varied from 1545 (lowest Cd application) and 22897 
Cd kg-1 tailing (highest Cd application) in the tailing 
without compost to 27000 (lowest Cd application) 
and 29143 Cd kg-1 tailing (highest Cd application) in 
the tailing amended with compost. In comparison 
with the control, the application of the compost 
increased significantly KFvalues. KF decreased in 
amended-tailings in the order (mg Cd kg-1 tailing): 
20% compost (108.4) < 15% compost (100.4) < 10% 
compost (62.2) < control (24.4). Analysis of variance 
revealed a highly significant main effect (P<0.001) of 
compost on KF (Table 2) and Q values. The effect of 
fertilizer rate on KF was not significant. Nevertheless, 
the highest KF value was recorded in tailing receiving 
20% compost + fertilizer treatment. 
 

Table 2: Analysis of variance (F value) on the influence of 
compost and fertilizer rates on the Freundlich Cd sorption 

affinity (KF) 

Source of variation d.f. KF 
 
Compost (A) 3 34.65*** 
Fertilizers (B) 1  0.05ns 
Interaction (A x B) 3  1.80ns 
 
*** Significant at P< 0.001; ns: non-significant. 

While the application of fertilizer alone did not affect 
significantly KF values, the application of compost 
increased KF.The highly positive correlation 
(P<0.001) between OM and KF (r=0.853) and all Q 
values (r=0.554 to 0.916) provided further evidence 
that OM exerted an important influence on the 
sorption of Cd. This interpretation is supported by 
[4], who found that the amount of Cd sorbed 
increased with increasing organic carbon content of 
three soils amended with compost.  
 
The relationship between KF and OM is better 
described by an exponential regression equation (Fig. 
1). This suggests that compost containing Sphagnum 
peat enhanced Cd sorption in copper mine tailing. It 
is known that Sphagnum peat has high affinity for 
metals [12] due to its carboxylic, phenolic and 
hydroxylic functional groups [13],[14]. These ligands 
have the ability to react with metals by cation 
exchange and complexation reaction [14]-[16]. This 
does not exclude the possibility that shrimp waste 
present in the compost may also play a similar role 
[5]. Fourestand Volesky[17] reported that Cd tends to 
form chelate complexes with carboxyl groups in 
natural biologic biomass. 

 
Fig. 1:Influence of organic matter content of tailings on the 

Freundlich Cd sorption affinity (KF). 
 
It is generally observed that sorption of Cd increases 
with increasing soil pH from acidic to neutral or 
slightly alkaline values [2], [9], [18]; nevertheless it 
was not the case in our experiment, where the values 
of tailing pH were negatively correlated (P<0.001) 
with KF (r=-0.761) and all Q values (r=-0.487 to -
0.812). This result is due to the fact that this 
relationship has been obscured by differences in 
organic matter condition and by the highly negative 
correlation between tailing pH and OM (r=-0.948, 
P<0.001). As over 72% of the variation in KF values 
have been accounted for by OM, it is likely that the 
effect of compost will be independent of pH. 
 
CONCLUSIONS 
 
Vegetated copper-mine tailings containing calcite can 
sorb high amount of Cd, and as a result it has an 
important role in the environment in controlling the 
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leaching and fate of anthropogenic Cd. Results from 
this study indicate that peat moss-shrimp waste 
compost will significantly increase the ability of 
copper-mine tailings for removal of toxic Cd ions 
from aqueous solutions. 
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