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Influence of Tailing pH on the Sorption of Copper by Sulphide Mine Tailing
Antoine KARAM', Lotfi KHIARI', Alfred JAoUICH?

Abstract: A laboratory experiment was conducted to evaluate the retention of copper (Cu) by
sulphide mine tailings previously treated with lime (calcium carbonate) and submerged with
water over 10 years. Sub-samples of air-dried mine tailings (pHy;jing range: 2.56 to 7.60) were
equilibrated with 30 mL of 0.01 M CacCl, containing 100 mg Cu L, as CuS0,.5H,0, for seven
days at room temperature. Afterwards, they were centrifuged and filtered. The filtrates were
analyzed for Cu, by atomic absorption spectrophotometer, and pH (pHcquilibrium).  The amount
of Cu retained by mine tailing solids was calculated based on the difference between the initial
and equilibrium Cu concentrations. The sorption experiment was replicated two times.  After
the sorption step, extractable acid-soluble Cu in tailing samples was assessed by extraction with
Mehlich-3 solution. Results indicated a significant positive effect of lime application rate on
Cu sorption. The sorption coefficient was positively correlated (p<0.001) with both
PHequitibrium @nd pHyiing.  In general, desorption showed that the Cu sorption was not rigidly
bound under acidic conditions. The percentage of Cu released in the tailings without lime was
much more than that released in the limed tailings. A positive linear relationship was found
between the amounts of Cu desorbed and the amounts of Cu previously adsorbed. Copper in
mine tailings may leach into water, especially under acidic conditions. The results highlight
the importance of maintaining neutral pH conditions in sulphide mine tailings in order to
protect surface water from the hazards of soluble anthropogenic Cu.
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1. Introduction

Acid mine drainage (AMD), also called acid rock drainage (ARD) is a worldwide environmental
problem facing the mining industry (Marcoux and Grenier, 1990). Despite the fact that it is a natural
occurrence resulting from the exposure of sulphide minerals to atmospheric agents such as air and water,
AMD can cause considerable damage to the environment. Acid mine drainage can contain elevated
concentration of leachable trace metals (Lapakko, 2002).

The lixiviation of copper (Cu) from strongly acidic sulphide mine tailings in arid and temperate
regions represents an environmental risk because of the potential adverse effects it may pose to ground and
surface water around mines. However, bonding of Cu to mine tailings can limit transfer to surrounding
water. Liming is known to be effective in enhancing Cu sorption by adsorption and precipitation, and
consequently reducing Cu mobility in Cu-polluted soils (Singh and Oste, 2001). Rodriguez-Rubio €t al.
(2003) suggested that the mobility of Cu in a calcareous soil is likely to be increased when calcium
carbonate (CaCOs;) is removed. Thus, the sorption of anthropogenic soluble Cu by submerged-sulphide
mine tailings is of great environmental concern. A laboratory sorption experiment was undertaken to
assess the sorption of Cu by sulphide mine tailings that have been limed and maintained under water
saturation during 10 years in order to prevent the oxidation of tailings (Samad and Yanful, 2005).

2. Materialsand Methods

The sulphide mine tailings used originated from the Solbec site at Thetford-Mines in the province of
Quebec (Canada). The original Cu-Zn-Pb ore body consisting of pyrite, chalcopyrite, sphalerite, galena
and pyrrhotite, has been exploited from 1962 to 1970 producing 1.9Mt of ore. Solbec mine tailings have
a 100 um median grain-size and a rate of 20% sulphide and 2-5% heavy metal (Marcoux and Grenier,
1990). An incubation experiment was carried out 1994 in triplicate on oxidized and composite samples
placed in plastic pots. The treatments consisted of three limestone levels (2, 4 and 8 g CaCO;/ 400 g of
tailing, representing approximately 0.5, 1 and 2%, respectively) and a control (without lime). The pots
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were packed with 40 mm tailing depth. The lime was incorporated into 0-20 mm and 0-40 mm depth.
The tailings were covered with 80 mm of deionized water and then incubated under saturated conditions at
room temperature for 10 y in order to prevent their oxidation (De Coninck and Karam, 2006). After
incubation, sub-samples were air-dried, ground and passed through a 2-mm sieve.

One gram of air-dried tailings (pHuiing range: 2.56 to 7.60) was equilibrated with 30 mL of 0.01 M
CaCl, containing 100 mg Cu L as CuSO,.5H,0, for seven days at room temperature (22 °C). The
suspensions were then centrifuged at 2000 rpm for 5 minutes and the supernatant solutions were filtered
through Whitman No. 42 filter papers. The pH values of the filtrates (pHcquilibrium) Were measured and the
concentrations of soluble Cu in the filtrates were determined by atomic absorption spectrophotometer.
The amount of Cu adsorbed was calculated as the difference between Cu added and Cu remaining in
solution. The sorption coefficient (K;) was used to interpret the sorption data: K = Q/C, where Q is the
amount of Cu adsorbed (mg kg™), and C is Cu concentration in the equilibrium solution (mg L™'). The
sorption experiment was replicated two times.

After the sorption step, extractable acid-soluble Cu in tailing samples was assessed by extraction with
Mehlich-3 solution. Mehlich-3 solution (Mehlich, 1984), which is composed of 0.2 M CH;COOH, 0.25
M NH4NO;, 0.015 M NH,F, 0.013 M HNO; and 0.001 M ethylene diamine tetraacetic acid, has been
reported to extract occluded Cu binding sites, organically bound Cu fraction, and soluble, exchangeable
and specifically adsorbed Cu fractions (Reed et al., 1993).

3. Results and Discussion

Adsorbed Cu and K values increased with increasing lime rate (Table 1). However, the t-test
(p<0.05) did not reveal significant difference between the control (no lime) and the lowest rate of lime
(0.5%). The values of K, ranged from 0.2 (without lime) to 345.0 L kg (highest lime rate). Mine
tailings without lime (pH 2.56) adsorbed 0.5% of added Cu whereas lime-amended tailings (pH 2.72 to
7.60) can adsorb from 1.0 (lowest lime rate) to 92.0 % (highest lime rate) of added Cu. This observation
suggests that the more submerged-tailing is neutral to slightly alkaline, the more it will remove
anthropogenic Cu from the surface water. Residual CaCOj; present in the mine tailing matrix may act as a
sorbent (Papadopoulos and Rowell, 1989), retaining Cu through ion exchange (Cavallaro and McBride,
1978). K, values were positively correlated (p<0.001) with both pHeguilirium (1=0.800) and pHuiling
(r=0.698). Similar positive correlation between Cu adsorption and pH has been reported by Jarvis (1981).
This result is in agreement with literatures, where the amount of Cu adsorbed by soils, clays and sediments
increased with pH (Yuan et al., 2007; Zhang and Zheng, 2007; Arias, 2005; Phillips et al., 2004; Hue et al.,
1997; Harter, 1983; Maguire €t al., 1981). The relationships between Cu adsorbed and both pHeguitibrium
and pHuiin, are better described by a quadratic equation (Fig. 1). The differences in Cu sorption between
mine tailing samples could be attributed to the pHyiing induced by previous CaCO; application. The
higher content of residual lime in the tailing sample and the more sites there are for Cu sorption. Based
on evidence from many experiments, Cu has very low solubility in alkaline and calcareous soils (McBride
and Bouldin, 1984; Jarvis and Jones, 1980; Cavallaro and McBride, 1978). Residual CaCO; surfaces
present in sulphide mine tailings act also as nucleation sites for precipitating Cu (McBride, 2000). Thus,
stabilization of sulphide mine tailings using lime would transform such waste into a matrix with metal
sorption properties. Davies et al. (1999) who studied the efficacy of lime amendment to geochemically
stabilize mine tailings, found that liming facilitates alteration of pyrite to ferrihydrite that sequestered

Table 1. Average values of pHigiings amount of Cu adsorbed, Ks pHggpeson @nd amount of extractable
acid-soluble Cu (desorbed Cu).

CaCO; rate PHuailing Adsorbed Cu K, PHauspension Desorbed Cu
(%) (mg kg™ (Lkg") (mg kg™
0 2.68 67.50 0.70 2.83 37.20
0.5 2.79 110.63 1.15 2.73 30.37
1.0 4.10 247.50 2.73 3.62 63.37

2.0 6.25 1653.80 103.60 4.82 1174.90
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Fig. 1. Relationship between the pH of the equilibrium solution and the
amount of Cu adsorbed by limed tailings.

weight percent concentrations of As, Cu, Pb, and Zn.

In terms of the quantities initially adsorbed, the percentage of desorbed Cu was very high for tailings
without lime (96%) compared to the limed tailings (16-84%). The desorption process was also found to
depend on the pH of the solution. A decrease in pH will cause desorption of the Cu initially adsorbed on
the tailing. According to Van Tichelen et al. (2001), adsorbed Cu could easily be desorbed by protons.
A positive linear relationship was found between the amounts of extractable acid-soluble Cu and the
amounts of Cu previously adsorbed (r=0.983, p<0.001). This result indicates that under acidic conditions,
adsorbed Cu is readily and largely desorbed. The environmental consequence of this observation is
important. Under potential reacidification of neutralized mined lakes, much of anthropogenic Cu initially
adsorbed by the tailing will be released back into the surface water.

4. Conclusions

Copper sorption by limed sulphide mine tailings is highly correlated with pH. Heavily limed tailings
show high Cu sorption coefficient. Consequently, sulphide mine tailings could adsorb significant
quantities of Cu from contaminated water and surrounding environment, depending upon pH conditions.
The results highlight the importance of maintaining neutral pH conditions in submerged sulphide mine
tailings in order to protect surface water from the hazards of soluble anthropogenic Cu.

References

Arias M., Novo C.P., Osorio F., Lopez E., Soto B. (2005): Adsorption and desorption of copper and zinc in the surface layer of acid
soils. Journal of Colloid and Interface Science, 228: 21-29.

Cavallaro N., McBride M.B. (1978): Copper and cadmium adsorption characteristics of selected acid and calcareous soils. Soil
Science Society of America Journal, 42: 550-556.

Davis A., Eary L.E., Helgen S. (1999): Assessing the efficacy of lime amendment to geochemically stabilize mine tailings.
Environmental Science & Technology, 33: 2626-2632.

De Coninck A., Karam A. (2006): Residual effect of lime on pH of sulphide tailings submerged with water over 10 years. In
Proceedings of the 31% Annual Meeting & Conference of the Canadian Land Reclamation Association (CLRA) and the 9" Meeting
of the International Affiliation of Land Reclamationists (IALR). Reclamation and Remediation: Policy to Practice. August 20-23,
2006, Ottawa, Ontario, Canada, 691-200.

Harter R.D. (1983): Effect of soil pH on adsorption of lead, copper, zinc, and nickel. Soil Science Society of America Journal, 47:
45-51.

Hue N.V., Guo F., Zhang G, Yost R.S., Miyasaka S.C. (1997): Reactions of copper sulphate with wetland-taro soils in Hawaii.
Communicationsin Soil Science and Plant Analysis, 28: 849-862.

Jarvis S.C. (1981): Copper sorption by soils at low concentrations and relation to uptake by plants. Journal of Soil Science, 32:
257-269.

Jarvis S.C., Jones L.H.P. (1980): The contents and sorption of cadmium in some agricultural soils of England and Wales. Journal of
Soil Science, 31: 469-479.

Lapakko K. (2002): Metal mine rock and waste characterization tools : an overview. Mining Minerals and Sustainable Devel opment,



236

No. 67. International Institute of Environment and Development, 31p.

Maguire M., Slavek J., Vimpany I. Higginson F.R., Pickering W.F. (1981): Influence of pH on copper and zinc uptake by soil clays.
Australian Journal of Soil Research, 19: 217-229.

Marcoux L., Grenier R.A. (1990): Smulation de I'inondation du parc a résidus de la Solbec-Cupra. Colloque sur la réduction et le
drainage des effluents acides générés par les activités miniéres, NEDEM, CRM, Val-d'or, Canada, 99-114.

McBride M.B. (2000): Chemisorption and precipitation reactions. In Summer M.E. eds., Handbook of Soil Science. CRC Press, Boca
Raton, B265-B302.

McBride M.B., Bouldin D.R. (1984): Long-term reactions of copper (II) in a contaminated calcareous. Soil Science Society of
America Journal, 48: 56-59.

Mehlich A. (1984): Mehlich 3 soil test extractant: a modification of Mehlich 2 extractant. Communications in Soil Science and Plant
Analysis, 15: 1409-1416.

Papadopoulos P., Rowell D.L. (1989): The reactions of copper and zinc with calcium carbonate surfaces. European Journal of Soil
Science, 40: 39-48.

Phillips I.R., Lamb D.T., Hawker D.W., Burton E.D. (2004): Effect of pH and salinity on copper, lead, and zinc sorption rates in
sediments from Moreton bay, Australia. Bulletin of Environmental Contamination and Toxicology, 73: 1041-1048.

Reed S.T., Allen M.G, Martens D.C., McKenna J.R. (1993): Copper fractions extracted by Mehlich-3 from soils amended with either
CuSOy or copper rich pig manure. Communicationsin Soil Science and Plant Analysis, 24: 827-839.

Rodriguez-Rubio P., Morillo E., Madrid L., Undabeytia T., Maqueda C. (2003): Retention of copper by a calcareous soil and its
textural fractions: influence of amendment with two agroindustrial residues. European Journal of Soil Science, 54: 401-409.

Samad M.A., Yanful E.K. (2005): A design approach for selecting the optimum water cover depth for subaqueous disposal of sulphide
mine tailings. Canadian Geotechnical Journal, 42: 207-228.

Singh B.R., Oste L. (2001): In situ immobilization of metals in contaminated or naturally meta-rich soils. Environmental Review, 90:
81-97.

Van Tichelen K.K., Colpaert J.V., Vangronsveld J. (2001): Ectomycorrhizal protection of Pinus sylvestris against copper toxicity. New
Phytologist, 150: 203-213.

Yuan S., Xi Z., Jiang Y., Wan J., Wu C., Zheng Z., Lu X. (2007): Desorption of copper and cadmium from soils enhanced by organic
acids. Chemosphere, 68: 1289-1297.

Zhang M K., Zheng S. (2007): Competitive adsorption of Cd, Cu, Hg and Pb by agricultural soils of the Changjiang and Zhujiang
deltas in China. Journal of Zhejiang University Science A, 8: 1808-1815.



