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1. INTRODUCTION
Land disposal of municipal and industrial wastes, car exhaust in urban areas and utilization of fertilizers and pesticides in agriculture all contribute to the rise in levels of toxic metals in the soil environment. The availability and fate of heavy metals are strongly dependent on the extent of their sorption on hydrated solid phases.

Copper is one of the sixteen essential nutrients for the crop growth, copper is a micro nutrient which means it is only required in small amounts for growth. If copper accumulates in soil, it becomes toxic to soil microbes and crops The toxicity of copper in soil depends more on the available concentration of copper than it does on the total concentration. Copper toxicity is a problem of both agricultural and environment significance. 

All soils naturally contain some copper. When high copper manure is spread on the soil, copper is added to this natural background level. In the soil, copper is strongly bound to soil organic matter and to clay particles. A lot of copper gets bound so tightly that it is not available to microbes or plants and thus no effect on toxicity. 

Copper availability is lowest at near neutral soil pH (6.5 - 7.5), but as pH decreases copper availability increases. Thus when high copper manure is added to soil, a greater increase in copper availability in a light textured soil with low organic matter and low pH than in heavier textured soil with moderate organic matter and near neutral pH. In all soils, however, almost all added copper stays right where it is placed. Thus spreading high copper manure in soils year after year will steadily increase the total amount of copper in the top soil. Due to high affinity of copper for organic matter, copper is not readily leached from the soil. 

1.1 SOURCES OF COPPER CONTAMINATION

Sources of copper contamination include mining and smelting, in urban, industrial and agricultural wastes and use of agrochemicals, copper is also an ingredient in several fungicides. The portion of fungicide which reaches the soil contributes to copper build up in the soil over a long period of repeated application of fungicides. Application of copper containing soil amendments (i.e.) manure and sewage sludge, result in copper accumulation in soils. It can also occur through pesticide applications such as foliar sprays, phosphatic fertilizers and pesticides. 

1.2 EFFECT OF COPPER TOXICITY

The effect of copper toxicity is largely on root growth and morphology. Copper tends to accumulate in the root tissue with little translocated to the shoots. When copper accumulates in the soil in high level, it becomes toxic to soil microbes and crops. This could slow the organic matter decomposition, nutrient cycling in soil, and crop production could be reduced because of direct toxic effects of copper on the plants as well as reduced soil fertility. 

Copper accumulation in soil and forage could become toxic to sheep, whose tolerance for copper is much lower than that of dairy cattle. The potential for accumulation of toxic levels of copper in soil is a critical issue because there is no practical way to reverse the problem if it occurs. When plants are exposed to excess copper, root growth is inhibited more than the shoot growth. Copper content in the root increases markedly as compared to than in the shoot. This is due to restricted copper transport to the shoots.


Most natural soils are heterogeneous media i.e, they provide a wide range of adsorption sites with different bonding properties and they also contain a wide range of ionic and non ionic aqueous species taking part in adsorption processes. Adsorption of metals from the liquid phase into the solid phase is one of the most important chemical processes which affect the behavior and bio-availability of metals in soils. 

Adsorption process controls the concentration of metal ions and complexes in the soil solution and thus exerts a major influence on the uptake by plant roots. The amount of adsorption of any particular chemical specie is dictated not only by the composition of the soil, but also by the chemistry and physical chemistry of the contaminant leachate and its constituents (Yong et al., 1992). 

The chemistry of adsorption can be studied for a particular soil and specific type of contaminant by the elaboration of the adsorption isotherms. Soil particles have a higher sorptive and retardation capability during the transport sorbates when the adsorption co-efficient increase. Therefore these co-efficient can be used to quantify the adsorption ability of sorbates on soil particles and to stimulate the transport of environmental contaminants passing through the soil profile (Chang et al., 2001).

 Soil and soil solution properties influence the adsorption and desorption of copper by the soil which inturn determines its plant availability and phytotoxicities. Data on the adsorption – desorption relations of copper critical to the understanding of the factors which govern the release of copper added to soil as a fertilizer, and the mobility of copper in soil (Agbenin., 2003).

Hence in the present work, we studied the adsorption of copper in a typical clay soil in order to provide adsorption equations that can be used for copper risk assessment studies.

OBJECTIVES
i) To determine the optimum concentration for maximum adsorption of copper on soil.

ii) To determine the optimum dosage of soil needed for the maximum adsorption of copper at a specified duration of adsorption process.

iii) To determine the optimum contact time for effective adsorption of copper.

iv) To fit the adsorption data into Linear, Freundlich and Langmuir adsorption isotherms.

v) To kinetically analyze the process of adsorption of copper on to soil.

vi) To analyze the feasibility of first reversible kinetic model using Lagergren, Natarajan and Khalaf equation for copper on soil adsorption.

vii) To investigate adsorption characteristics of copper on to clay soil.

2. REVIEW OF LITERATURE

2.1 CHARACTERISTICS OF CLAY SOIL


Soil consists of sand, silt and clay particles. Clay particles are small. Clay soils have a wide range of particle sizes from ten angstroms to millimeters. Clays may be composed of mixtures of finer grained clay minerals and clay-sized crystals of other minerals, such as quartz, carbonate and metal oxides. Clay soils crust easily. They hold water well and may dry slowly. Clay soils also hold certain nutrients well so that losses to leaching are to be lower. Clay soils bound end-to- end and side-to-side in extensive planes, are stacked in a sandwich-like matrix and held together by electrochemical forces. This plate-like stacking of horizontally arranged clay particles results in a large surface area. They are well-suited for production of vegetables such as celery and carrots. Their organic matter content is high, usually greater than 18 per cent. The clay mineralogy of soils of glacial origin consists of kaolinite, illite and illite-montmorillonite in varying proportions, whereas those of dolomitic origin consist of montmorillonite calcium, magnesium, and lesser amounts of sodium, calcium, manganese together with trace of iron and aluminium. They are all classed as swelling clays. Dispersive clay soil behaviour depends on the particular combination of chemical, physical and mineralogical properties of the soil. The individual clay particles are negatively charged, they have the capacity to attract and hold onto or adsorb, positively charged elements such as ammonium, potassium, calcium, magnesium and other trace elements. Clay soils are relatively fertile because of this capacity to adsorb these important plant nutrients. Conversely, the single, uncharged sand particles in sandy soils lack the capacity to adsorb cations and thus they contribute very little to soil fertility.
2.2 ADSORPTION OF COPPER ON SOIL
· The sorption of Cu (II), Cr (III), and Zn (II) by a north – eastern France soil from single and ternary metal solutions, as a function of pH, time, and metal concentrations had been studied. Isothermal sorption batch experiments led to macroscopic and indirect results. The sorption capacities for single and ternary metal decreased in the order Cr3+ > Cu2+> Zn2+. In the absence of any interfering metals, the adsorption capacities were 0.22mmol/g Cr3+, 0.21 m mol/g Cu2+ and 0.08 m mol/g Zn2+.  In the case of ternary systems, a decrease in the sorbed amount of 40%, 60% and 62% for Cr, Cu & Zn respectively, was observed (Karine Flogeac et al., 2007).

· The adsorption of lead, cadmium and copper on splite soil zones was studied at different concentrations and pH levels using batch equilibrium technique at 250C. The characteristics of the adsorption processes were investigated using Scat chard plot analysis (q/C Vs q) by the batch equilibrium technique at 250C. In the adsorption of heavy metals, deviation from linearity in the plot of q/C Vs q was observed, indicating the presence of multimodal interactions and non-langmuirean behaviour. The adsorption behaviour on these metal ions on splite soil zones was expressed by the Freundlich isotherms. Adsorption constants and correlations co-efficient for the cadmium, lead and copper on splite soil zones were calculated from Freundlich plots 

(Ali Gurel, 2006).
· Copper adsorption by Vineyard soils of Geneva canton was evaluated by batch equilibration experiments in pH range from 4 – 6. The adsorption curves were fitted significantly to Freundlich function log q = n log C + log kf , where q was adsorbed copper concentration on the solid phase and C is the solution copper concentration at the end of the equilibration time. Freundlich parameters n and log kf  were moderately correlated to pH, yielding the following equations , 

log kF    =   0.23 pH + 0.51 (R2 0.59) and 


      n    = -0.12 pH + 1.06 (R2 0.59). 

Such equations may be useful to predict copper mobility for risk assessment studies (Fredicelardin et al.,  2006).
· The environmental and health effects of the contamination of soils by heavy metals depend on the ability of the soils to immobilize these contaminants. The adsorption and desorption of copper and zinc in the surface layers of 27 acid soils had been studied. Adsorption of Cu2+ from 157–3148 µmole/l solutions was much greater than adsorption of Zn2+ from solutions at the same concentration. For both Cu and Zn, the adsorption data were fitted better by the Freundlich equation than by the Langmuir equation. Multiple regression analysis suggest that Cu and Zn adsorption depends to a significant extent on pH and cation exchange capacity, for both metals these variables accounted for more than 80% of the variance in the Freundlich pre- exponential parameters kF and pH also accounted for 57 % of the variance in 1/n for Zn and together with carbon content, for 41 % of the variance in for Cu. The percentage of adsorbed metal susceptible to desorption in to 0.01M NaNO3 was greater for Zn than for Cu, but in both cases depended significantly on pH, decreasing as pH increased. In turn, both pHH2O and pHKCl were significantly correlated with cation exchange capacity. Desorption of metal adsorbed from solutions at relatively low concentration (787µmole/l) exhibited  power–law dependence on Kd the quotient expressing the distribution between soil and soil solution in the corresponding adsorption experiment, decreasing as increasing Kd  reflected increasing affinity of the soil for the metal. The absence of a similarly clear relationship when metal had been adsorbed from solutions at relatively high concentration (2362 µmole/l) is attributed to the scant between soil variability of Kd at these higher concentrations. Adsorption was greater and subsequent desorption less in cultivated soils than in woodland soils. (Arias et al., 2005).
· Adsorption of Copper by a sandy soil amended with various rates of manure, sewage sludge and incinerated sewage sludge was evaluated in a batch equilibration study at 0, 100, 200 or 400 mg/l Cu concentrations in a 0.01 M CaCl2 solution. The desorption of adsorbed copper was evaluated by three successive solutions in 0.01 M CaCl2. Cu adsorption increased with an increase in manure rates. At the highest rate of manure additions (160g/kg soil), Cu adsorption was two–fold greater than that by the unamended soil at all rates of Cu additions. With increase in rates of Cu additions, the adsorption of Cu decreased from 99.4% to 77.6% of Cu to the 160 g/kg manure amended soil. The desorption of Cu decreased with an increase in rate of manure amendment. Effects of sewage sludge amendments on Cu adsorption were similar to those as described for manure additions. The desorption of Cu was the least at the high rate of sewage sludge addition (160 g/kg), although at the lower rates there was not a clear indication of the rate effects. In contrast to the above two amendments, the incinerated sewage sludge amendment had the least effect on Cu adsorption. At the highest rate of incinerated sewage sludge amendment, the Cu adsorption was roughly 50 % of that at the similar rate of either manure or incinerated sewage sludge amendment, across all Cu rates (Alva et al., 2005).
· Sorption and desorption properties of cadmium (Cd) and copper (Cu) in 5 clay types (montmorillonite, sericite, kaolinite, halloysite and allophone), which had been selected as representative of commonly distributed minerals in the world soil environment, were investigated with special reference to the charge characteristics of clays. Sorption properties of both Cd and Cu in all the clays were highly pH-dependent, resembling those in oxides. When the pH value at which 50% metal sorption on clays occurred was defined as pH-sorb50, the pH-sorb50 values of Cd sorption. In montmorillonite, sorbed Cd in the high pH region was not desorbed at all by subsequent extraction. For Cu, the pH-sorb50 values were significantly lower than those for Cd, revealing the strong adsorption ability of Cu for all clay types. Sorption behavior of heavy metals was not parallel to the overall charge characteristics of clays and could not be easily predicted from the total charge such as cation exchange capacity or zero potential. 
(Katsuhiko ITAMI, 2005)
· Copper adsorption by bottom soil samples from channel catfish lctalurus punctatus ponds was positively correlated with increasing soil pH and organic carbon concentration and negatively correlated with increasing concentration of dilute acid extractible copper (Orawan Silapajarn, 2005).

· The effect of different anion enrichment in the equilibrium solution on copper adsorption by different soils was investigated with copper concentration in the range of 0–100mg/l in the equilibrium. 95–99% of applied copper was adsorbed by all the three soils using either 0.01M calcium chloride or calcium nitrate as the equilibration solution. When the copper concentration in the equilibration solution was increased in the range of 500–2000mg/l, the adsorption of copper decreased from 60 to 24 % of applied copper in two types of soil with pH 6.2 – 7.9. In the high pH soil (pH = 9.9), the copper adsorption decreased from 77 to 34 % (Alva et al., 2004).
· Sorption characteristics and release of selected heavy metals (Cd, Cu, Cr, Pb and Zn) had been investigated from a typical urban soil material from a derelict brown field site in Western Scotland, UK. The contaminant interactions with an urban substrate comprising a mix of mineral soil and residue materials were evaluated. Soil samples were subjected to a sequence of test involving batch equilibrium and dynamics leaching, in single (non-competitive) and multi-element (competitive) solutions. The batch experiments were carried out in unadjusted and close to soil field pH conditions (pH 2 and 7 respectively). The equilibrium adsorption capacity for heavy metals was measured and extra polated using the Langmuir isotherm. The parameters of the isotherms xm (the maximum amount adsorbent (mg/g)) and b (adsorption constant (m3/g)) were calculated for Cd, Cu Cr, Pb as single element and multi-element solutions. The adsorption from the single element solution was more effective than adsorption under multi-element conditions, due to competitive effects. For example, the adsorption of copper from a single element solution was over four times greater than for a multi-element solution. In the case of Cr and Zn migration of metal from soil to solution was observed (Jalita Markiewicz-Patkowska et al., 2004).
· Effects of nitrate (NO3 -), chloride (Cl-), sulphate (SO42-) and acetate (ac-) on Cu2+  adsorption and affinity of the adsorbed Cu2+  were evaluated in two iron and aluminium enriched variable charge soils from southern China. The maximum adsorption of Cu2+ in the presence of different anions decreased in the order Cl‑ > ac- >NO3- >SO4 2- for both soils. The clayey loamy soil, developed on the arenaceous rock, adsorbed less Cu2+ than the clayey soils derived from the quaternary red earths, regardless of anion type present in the medium. The effects of anions on Cu2+ adsorption and affinity of the adsorbed Cu2+ were dependent on anion types and were apparently related to the altered surface properties caused by anion adsorption and the formation of anion – Cu2+ complexes (Yu et al., 2003).
· The sorption capacity of five clay soils from South Wales in the United Kingdom was investigated using two main physicochemical and batch equilibrium technique (BET). The batch test (i.e, sorption tests) on soils suspension produced adsorption pH curves, showing increased adsorption at higher pH levels. The sorption data also were best fitted using the Langmuir adsorption equation that yielded the maximum adsorption capacity of the soils. The sorption capacity of soils were ranked as estuarine alluvium soils > glacial till> weathered mud rocks. Estuarine alluvium soils showed a good buffering capacity and high sorption capacity compared to glacial till and weathered mud rocks. The study also discovered that the maximum sorption capacities were highly influenced by the chemical properties of the soil (Wan Zuhair, 2003).

· The sorption of Cu(II) by loess was investigated experimentally with sediment concentration ranging from 10 to 100kg/m3, and copper concentration from 6480 to 7499mg/l. The measured results were found well fitted with the non linear Langmuir isotherm in form but for the loess with high carbonate content, the Cu precipitation becomes the primary mechanism instead of the original adsorption in the ordinary cases with low carbonate content. Using the MINTEQA model, copper precipitation was calculated and the implications of parameters in Langmuir equation were interpreted. Both the sorption coefficient and the sorption maximum in the Langmuir equation for copper precipitation were very close to those for copper sorption, but the sorption coefficient for copper precipitation was greater than that for copper sorption and oppositely for the sorption maximum which explained why precipitation dominates the sorption process. 
(Ni Jinren, 2003).

· Assessing the behaviour of Cu and Zn in adsorption reactions in soil and the associated risks to soil and water pollution requires the use of sorption equations. Therefore, Langmuir and Freundlich isotherms was derived for Cu and Zn applied to soil samples of the surface layer (0–20 cm) of two Dystryc Fluvisols, a Gleyic Podzol and a Haplic Luvisol. The adsorption data obtained fitted both Langmuir and Freundlich isotherms. The goodness of fit was evaluated by the determination coefficient R2. The effect of pH on Cu–Zn competitive adsorption was quantified using competitive Langmuir-type equations as well as the extended Freundlich equations. The results obtained for Cu–Zn adsorption with the mono component Langmuir equation or with the competitive Langmuir-type equation were not significantly different according to the Student's t-test. Conversely, when Cu and Zn were added to the soil samples by the binary solution, the results from the Freundlich mono component equation were significantly different (Student's t-test) from those obtained with the extended Freundlich equation. The competitive Langmuir-type and extended Freundlich equations predicted for Cu and Zn both in single and binary solutions values in good agreement with the experimental data, confirming the interest of the introduction of a pH term (E. Mesquita., 2002).
· The adsorption-desorption, chemical fraction and solubility relations of Cu in a typical savanna soils from Nigeria were studied. Copper adsorption was performed in a KCl medium, at a pH range of 3-8.5 using surface and subsurface soil samples of an alfisol. Copper sorption increased with increasing pH, which could not simply be explained by pH – dependent charge perse. More than 65% of applied copper was sorbed at pH > 3.0, far below the point of zero net charge of the soil (Agbenin., 2002).
· Adsorption of heavy metals in soils is one of the main processes controlling metals partitioning between soil and solution and adverse effect on biota. Copper adsorption by podzols had been studied in the series of model batch experiments. Copper distribution between solid and solution for two soil horizons (Organic and illuvial) was determined at three different pH values (in 3 repeats each) for three soils profiles. After separation of the solution, pH (by electrode), Cu (by AAS) and free copper ion activity (by ion selective electrode) were measured. Copper sorption by the organic horizons was described by Henry equation. Relationships between copper sorption and equilibrium concentration were practically linear, i.e saturation had not been achieved in the experimental conditions. 

· Copper sorption by the illuvial horizons could be described by the Langmuir as well as Freundlich equations. Presence of nickel in the loading solutions doesn’t influence copper adsorption. Influence of pH on the copper adsorption was negligible at low concentrations of copper and becomes significant at the high concentrations. Copper adsorption by soils was accompanied by reducing the pH and increasing of copper activity in the equilibrium solutions. The equation parameters were positively correlated with 1055, 1084 the contents of clay and organic carbon negatively – with the content of mobile copper (Vologdina et al., 2002).
· The adsorption characteristics of heavy metals such as cadmium (II), chromium (III), copper (II), Nickel (II), Lead (II) and Zinc (II) ions by caolin and balclay from Thailand were studied. It was found that except Nickel, metal adsorption increased with increased pH of the solutions and their adsorption followed both Langmuir & Freundlich isotherms. Adsorption of metals in the mixture solutions by caolin was: Cr >Zn > Cu ≈ Cd ≈ Ni >Pb, and for balclay was: Cr > Zn > Cu > Cd ≈ Pb >Ni. The adsorptions of metal were endothermic with exception of Cd, Pb and Zn for kaiolin, Cu & Zn for balclay.
(Chantawong et al., 2001)
· Adsorption – desorption of Copper (Cu2+) at contaminated levels in two red soils was investigated. The red solid derived from the Quaternary red earths (clayey, Kaiolnitic thermic plinthite Aquult) (REQ – Red Earth Quaternary) adsorbed more Cu2+ than the red soil developed on the Arenaceous rock (clayey, mixed siliceous thermic type Dystrochrept) (RAR - Red Arenaceous Rock). The maximum adsorption values (Ma) that were obtained from the simple Langmuir, model were 25.90 and 20.17 mmol Cu2+ kg-1 soil, respectively. Most of the adsorbed Cu2+ in the soils was readily desorbed in the NH4Ac. After successive extractions with 1 mol L-1 NH4Ac (pH 5), 61 to 95% of the total adsorbed Cu2+ in the RAR soil was desorbed and the corresponding value for the REQ soil was 85 to 92% indicating that the RAR soil had a greater affinity for Cu2+ than the REQ soil at low levels of adsorbed Cu2+ (S. Yu et al., 2001).
· Sorption capacity of different soils (brown forest, carbonaceous sandy, calcareous chenozjom) using Cu2+ as model ion was studied. The time of the equilibrium between solid and liquid phases was determined as 48h. The optimal initial pH range was found as pH 3.5 - 6 and it was very much depended on the soil types from the pH changes taken place during the equilibrium process, it was concluded that either protons or hydroxyl ions were released into the solution. The study of effect of ion strength on the adsorption of metal ions had concluded that the Na ions showed two different effects, namely the decreased the adsorption of Cu2+ ions by occupying the sorption sites and on the other hand, the Na ions considerably destroyed the mineral phases of the soils and increased the adsorption capacity (Edit Marosits et al., 2000).
· The effect of the ionic strength on adsorption of Cu on Ca- montmorillonite (Az-1) was studied at concentrations ranging from 31 to 516 µm. An adsorption model was employed in the analysis of the data. When the background electrolyte was NaClO4 the ionic interchange was suppressed at 0.5M and Cu adsorption was taking place on edge sites, reaching a plateau at about 24mmol/kg. A further increase in ionic strength did not make any effect on Cu adsorption, suggesting that the heavy metal was being adsorbed by inner sphere complexes on the edge sites. When the electrolyte used was NaCl the amounts of Cu adsorbed were reduced. Cu sorption increases on the clay treated previously with chlorine, which was due to the opening of the clay platelets after some molecules of the pesticide were absorbed, facilitating the subsequent penetration of the metal and its adsorption on planar positions (Undaeytia et al., 2000).
· The adsorption phenomena of Cu2+ in different sorbate/sorbent/water ratio’s in a batch system was investigated. Batch experiments were performed to examine the adsorption, and the Linear (KD), Langmuir (KL) and Freundlich (KF) adsorption coefficients of Cu2+ in lateritic soil. Although the variations in the sorbed amount and adsorption coefficients apparently originated from a change in the sorbate /sorbent /water ratio, only the equilibrium concentrations significantly affected the adsorption. The Freundlich equation gave an excellent fit to the adsorption data with a goodness of fit (R2)> 0.984 (Chang et al., 2000).
· Different fractions from sand particles were coated with four partially hydroxylated ferric sols of OH/Fe various molar ratio because surface reactivity and hence adsorption of micronutrients are very low due to the sandy character of the desert sandy soils. The obtained results proved that the extractability of iron is reduced by increasing the OH/Fe molar ratio before its addition to the sand particles. Iron oxide coating of sand particles increased the amount of Cu adsorbed as compared with uncoated ones. With regard to the effect of polymerization degree of ferric sols results showed that decreasing OH/Fe molar ratio of iron sols enhanced the Cu adsorption maximum capacity, as calculated from the Langmuir equation. The amount of adsorbed Cu increased by decreasing the size of sand particles (Al- Sewailem et al., 1999).
· Sorption and desorption of Cu, Zn, Cd and Ni ions by soil clay fractions were evaluated. Initial Cu addition levels varied from 99mg/kg to 900mg/kg and Zn, Cd, Ni levels were 94,131 and 99 mg/kg respectively. Sorption of Cu conformed to Freundlich equation. Total sorption of Zn and Cd generally decreases in the order, Vertisol > Gleyic Acrisol> Planosol clay. More than 70% of the Cu was specifically sorbed (Irena Atanassova., 1998).
· Copper adsorption and desorption under acid conditions by soil clay fractions separated from Vertison, Planosol and Gleyic Acrisol had been studied in 0.01M Ca(NO3)2. A Freundlich equation was appropriate to describe Cu adsorption. Within the range of 150 to 2600 mg of copper per kg of soil clay fraction the proportions of Cu not displaced during five successive 48 hour desorption with 0.01 M Ca(NO3)2  decreased with adsorption density and at the lower pH. The proportions ranged from as high as 0.98 in the case of Vertisol clay (pH 5.3) to as low as 0.12 (88% desorption) in the Planosol clay (pH 4.5). Measurement of separations factors (Ga/Cu/Ca) showed that the preference of the clay surface for Cu over Ca decreased in the order: Gleyic Acrisol> Planosol>Vertisol. The decrease of pH values to 4 showed 39% of desorption in Planosal clay and 45% of desorption on Gleyic acrisol clay. 
(Irena Atanassova, 1996)
· The rapid kinetics of Cu+ and arsenate adsorption/desorption on goethite (α – FeOH) were investigated using the pressure jump (p-jump) relaxation technique, which provided rate constants and mechanistic information for fast reactions. Results of p-jump experiments at 25oC revealed that both Cu2+ and arsenate were specifically adsorbed on goethite. In both cases, the rate constants for the adsorption reactions exceeded those for desorption, indicating that desorption of Cu2+ and arsenate from the goethite surface was the rate limiting process. Pressure jump relaxation techniques can be used to predict the adsorption behavior of heavy metals in soil environment (Paul R.Grosl., 1995).
· The adsorption of toxic heavy metal cations , i.e Cu(II), Cd(II) and Pb(II) from metal–EDTA mixture solutions on a  composite adsorbent having a heterogeneous surface i.e bauxite waste red mud, had been investigated and modeled with the aid of a modified surface complexation approach in respect to pH and complexant dependency of heavy metal adsorption. EDTA was selected as the modeling ligand in view of its wide usage as an anthropogenic chelating agent and abundance in natural waters. The adsorption experiments were conducted for metal salts (nitrates), metal–EDTA complexes alone, or in mixtures containing (metal + metal–EDTA). The adsorption equilibrium constants for the metal ions and metal–EDTA complexes were calculated. For all studied cases, the solid adsorbent phase concentrations of the adsorbed metal and metal–EDTA complexes were found by using the derived model equation with excellent compatibility of experimental and theoretically generated adsorption isotherms. The model was useful for metal and metal-EDTA mixture solutions either at their natural pH of equilibrium with the sorbent, or after pH elevation with NaOH titration up to a certain pH. Thus adsorption of every single species (M2+ or MY2-) or of possible mixtures (M2+ or MY2-) at natural pH or after NaOH titration could be calculated by the use of simple quadratic model equations, once the initial concentrations of the corresponding species , i.e ( M2+)0 or (MY2-)0 were known. The compatibility of theoretical and experimental data pairs of adsorbed species concentrations was verified by means of non linear regression analysis. 
(Kubilay Guclu., 1995)

· Soil samples whose pH had been adjusted to between 4.5 and 7.5 either for long periods in the field or short periods in the laboratory was incubated after wetting with water or 0.01M CaCl2. Copper concentrations in the soil solutions decreased only slightly as the solution pH increased, but free cupric ion concentrations decreased considerably. The copper concentrations was smaller and the proportion of copper present in solution as cupric ion at a given pH was larger when CaCl2 rather than water was used. Complexed organic species made up most of the copper in all solutions. The duration of pH adjustment did not affect these results. Copper adsorption isotherms were determined on the  soil using low equilibrium solution concentrations. As a given  copper concentration the quantity of copper adsorbed increased and the proportion of  copper in solution present as cupric ion decreased with pH increase; again the duration of pH adjustment did not affected the results (Sanders., 1983).
· The adsorption of copper by soil samples from Scotland at low equilibrium solution concentrations of copper was studied in the presence of 0.05M CaCl2, adsorption isotherms for copper on soil samples were essentially linear. Although no direct correlations were found between isotherm gradients and individual properties, the gradients were of the same order of magnitude as predictions based on gradients obtained for some specific soil components. The components which appear to be most important in copper adsorption and which were used to obtain the predictions were organic matter and iron and manganese oxides. The amounts of adsorbed copper remaining isotopically exchangeable or extractable with EDTA in the short term, increased with the amount of copper adsorbed but the proportions of adsorbed copper estimated by each of these techniques remained constant. Concentrations of copper in solution increased (adsorption decreased) at pH values below 4.5 and above 6.5 (Mclaren et al., 1983).

· The adsorption of copper by four alkaline soils of northwest India was investigated using 0.05M CaCl2 as supporting electrolyte. The adsorption data conformed to the competitive Langmuir adsorption equation although there was possibliity of copper hydroxide or carbonate precipitation at higher concentrations of added copper. The adsorption capacities of copper were related to CEC (Cation Exchange Capacity), clay content and CaCO3 equivalent of soil. The free energy changes for adsorption and for interaction were negative and positive respectively (Dhillon et al., 1981).
· Adsorption isotherms were determined for the specific adsorption of copper by soils and soils constituents. Adsorption was found to conform to the Langmuir equation. The Langmuir constants, ‘a’ (adsorption maximum) and ‘b’ (bonding term), were calculated.  Soils were found to have specific  adsorption maxima at pH 5.5 of between 340 and 5780 μg g[image: image2.png]


1, and a multiple regression analysis revealed that organic matter and free manganese oxides were the dominant constituents contributing towards specific adsorption. Adsorption maxima for soils constituents followed the order manganese oxides > organic matter > iron oxides > clay minerals, which supported the findings for whole soils. The cation exchange capacities (non-specific adsorption) of the test  soils were found to be far greater than the specific  adsorption maxima. However, evidence suggested that, for the relatively small amounts of  copper normally present in soils, specific adsorption was the more important process in controlling the concentration of copper in the soil solution (Mclaren., 1973)1Department of Soils, Punjab Agricultural University, Ludhiana 141004, India.
· Influence of soil organic matter on Langmuir isotherms for Cu and Cd in four Italian soils of different pedogenetic origins was investigated. Adsorption processes were carried out either on the whole soils or on soils after destruction of organic matter. Organic matter removal produced a note worthy decrease of Cu adsorption contrasted by a smaller decrease or even a slight increase of Cd adsorption. Addition of increasing amounts of Cu on soil previously enriched with Cd did not significantly change the Cu adsorption while a rather different pattern was observed when increasing quantities of Cd were adsorbed on the dame soil after Cu enrichment. In this case Cu already present in the soil reduced the amount of Cd adsorbed. These findings suggested that the differences found in the adsorption process of such metals primarily depend on the different chelating effectiveness of soil organic matter in respect to Cu and Cd.
(Petruzzelli et al., 1978)

3. MATERIALS AND METHODS

3.1 SOIL SAMPLING AND ANALYSIS


The soil used for this study was obtained from Udumalaipet region. The soil samples were air dried and screened through a 2mm sieve. Soil pH was determined using Elico (LI 120) pH meter. No attempt was made to regulate pH.

3.2 SOLUTIONS
· All chemicals used were of analytical grade.

· 1000ppm of stock solution of Cu2+ was prepared by dissolving 3.96g of CuSO4 x 5H2O in redistilled water. The concentration of copper was determined by using Elico (CL 157) colorimeter.

3.3 COPPER SORPTION STUDIES

3.3.1 BATCH ADSORPTION EXPERIMENTS

· Batch equilibrium tests were conducted on soil suspensions which involved vigorous shaking and centrifugation.

· Equilibration time was chosen as 40 minutes.

· All experiments were carried out in triplicates at room temperature 

30oC ( 2oC.

3.3.2 EFFECT OF CONCENTRATION OF COPPER

This experiment was conducted by adding 3, 4, 5g of air dried soil with various concentration of copper like 150ppm, 200ppm, 250ppm, 300ppm and 350ppm respectively. The background solution was 0.01M KCl electrolyte with pH of 7.37. The soil solutions were shaken on a horizontal bench shaker at room temperature 30 ( 2oC for 40 minutes. The soil solutions were carefully filtered and decanted through Whatmann no: 42 filter paper. The filtrate was analyzed for residual copper colorimetrically.

3.3.3 EFFECT OF SOIL CONCENTRATION

Adsorption of copper was carried out by mixing 3, 4 and 5g of air dried soils with 50ml of 250ppm of copper sulphate solution in 250ml pyrex bottles. The background solution was 0.01M KCl electrolyte with pH of 7.37. The soil suspensions were agitated on horizontal bench shaker at room temperature 30oC(2oC for 40 minutes. The soil suspensions were carefully filtered and decanted through Whatmann no: 42 filter paper. The filtrate was analyzed colorimetrically by complexing with neocuprine for residual copper (II) concentration in the solution. The copper adsorbed was assumed to be the difference between copper added and copper in the equilibrium supernatant solution. 

3.3.4 EFFECT OF TIME ON SOIL DOSAGE

To a series of 3, 4 and 5g of air dried soils added 50ml of 300ppm of copper. The background solution was 0.01M KCl electrolyte with pH of 7.37. This system was equilibrated thoroughly on horizontal bench shaker at various time intervals such as 10min, 20min, 30min and 40min respectively. After equilibrium, the suspensions were filtered and decanted through Whatmann no: 42 filter paper. The filtrate was analyzed for residual copper colorimetrically.

3.4 EQUILIBRIUM MODELS

Equilibrium isotherms are measured to determine the capacity of adsorbents for metal ions. The relationship between the amount of metal ion adsorbed (Cs) and the metal ion concentration remaining in solution (Ce) are described by an isotherm equation. The isotherms which are widely used to describe the adsorption behaviour are,

1. Linear

2. Freundlich 

3. Langmuir

3.4.1 LINEAR ADSORPTION ISOTHERM


The linear adsorption equation is the most simple sorption model. It describes a constant partition between the amount sorbed and the amount in the solution. Linear adsorption equation is as follows,

Cs
=
KDCe
where 


Cs    =    amount of solute adsorbed per unit weight of adsorbent (mmolg-1)


KD   =    adsorption constant (mmolg-1)

Ce   =    equilibrium concentration of solute (mmolL-1)



3.4.2 FREUNDLICH ADSORPTION ISOTHERM

The freundlich adsorption isotherm is an emphrical relation between the adsorption density of metal ion on a solid phase and the aqueous concentration of metal ion. Freundlich adsorption equation is given by,


Cs    =     KF CenF        or      

       log Cs   =    log KF      +   nF log Ce
where 

KF and nF   =   constants characterizing the sorbate-sorbent system related. 

When log Cs is plotted against log Ce, a straight line with slope 1/n and intercept log KF is obtained. This indicates that KF, reaches the value of Cs when the equilibrium concentration Ce approaches to unity, thus can be considered as an indicative parameter of the sorption strength. nF indicates that the rates of adsorption increases with metal concentration reflecting the non-linearity of the adsorption.

3.4.3 LANGMUIR ADSORPTION ISOTHERM

The Langmuir equation is expressed as 

Ce / Cs      =     1/b K​L     +     Ce / KL
where


Ce    =    equilibrium concentration of solute (mmolL-1)


Cs    =    amount of solute adsorbed per unit weight of adsorbent (mmolg-1)


KL   =     adsorption capacity (mmolg-1) or monolayer capacity


b      =     constant

3.5 KINETICS OF ADSORPTION

The two important aspects for parameter evaluation of the adsorption study are the kinetic and the equilibria of adsorption. The kinetics of adsorption of copper in clay soil was calculated by applying first order kinetic equations proposed by Natarajan and Khalaf, Lagergren.

Natarajan and Khalaf equation    

  
   log (Ci / Ct)         =      (K/ 2.303) t

Lagergren equation

       

     log (qe-q)         =      log qe – (Kad / 2.303) t
where, Ci and Ct are the concentration of copper (ppm) at time ‘zero’ (initial concentration) and at time ‘t’ respectively.

qe and  q are the amount of copper adsorbed at 40 minutes and at tune time respectively. The values log (Ci/Ct), log (qe - q) are correlated with time.

4. RESULTS AND DISCUSSION


Adsorption and desorption processes of chemicals in soil, play important roles in their migration and transformation in the system of water-soil-plant. Heavy metal is of increasing concern because of its high toxicity to the environment and risk to human health.


Copper is a micronutrient, therefore is required for most plants in trace amounts. But the availability of copper in soil in large quantities results in toxicity. Copper is an ingredient in several fungicides. The portion of fungicide which reaches the soil contributes to copper build up in the soil over a long period of repeated application of fungicides. Chemistry of copper in soils and soil components is important to understand the bio-availability of copper and toxicities. 


Assessing the behaviour of copper in adsorption reactions in soil and the associated risks to soil and water pollution requires the use of sorption equations. Hence in the present study, the adsorption of copper on clay soil from Udumalaipet region has been investigated.


Christensen (1984) observed that more than 95% of the metal ion adsorption took place rapidly in the first 10 min, with equilibrium reached in one hour and even exposure upto 87 weeks did not reveal any long-term change in the sorbed quantity.


According to the adsorption kinetics of copper in lateritic soil, the liquid concentration of copper reaches equilibrium within 30 minutes (Chang T.W., 2002). Therefore in this work 40 minutes was chosen as the reaction time. Experiments were carried out at room temperature 30oC(2oC and at pH - 7.37. 

4.1 EFFECT OF INITIAL CONCENTRATION FOR ADSORPTION OF COPPER ON CLAY SOIL

The results of the effect of initial concentration of copper on adsorption to different weights of soil are shown in tables 1-3 and figures 1-3.


From the graphs, it is shown that as the initial concentration of copper increased adsorption of copper also increased. Copper adsorbed as percentage of copper applied varied from 29-56%, 40-62%, 43-65.7% for 3, 4 and 5g of soil respectively.

4.2 EFFECT OF SOIL CONCENTRATION


The adsorption of Cu2+ under different soil concentrations are illustrated in the figures 7-11.  As soil concentration increases, amount of adsorbed copper also increases and the percentage of adsorbed copper varied from 29-43.5%, 46-50.5%, 47.2-56%, 53.3-65%, and 56.5-65.7% for 150, 200, 250, 300 and 350ppm of copper respectively.

4.3 EFFECT OF TIME FOR ADSORPTION OF COPPER


The sorption kinetics of adsorption of copper on soil was obtained by plotting % adsorption Vs time (figures 12-14). The results indicated that adsorption capacity increased as the time increased. At 40 minutes, the % adsorption of copper was found to be 56.67%, 66.67%, 74% for 3, 4 and 5g of soil respectively.

4.4 ADSORPTION ISOTHERMS

Adsorption isotherms for copper on soil are depicted in figures 15-17. These isotherms express an increasing trend in the adsorbed content (Cs) with respect to the increase in the equilibrium (Ce) of copper.

4.3.1 LINEAR ADSORPTION ISOTHERM


The adsorption data of copper by soil have been examined for linear adsorption isotherm, which is as follows, 

Linear adsorption equation

Cs
=
KDCe
where 


Cs    =    amount of solute adsorbed per unit weight of adsorbent (mmolg-1)


KD   =    adsorption constant (mmolg-1)

Ce   =    equilibrium concentration of solute (mmolL-1)



The intercepts of linear equations (KL) is considered as indicators of degree of affinity of the surfaces for copper. The adsorption of copper on soil follow linear adsorption isotherm as indicated by positive ‘r’ values.

4.3.2 FREUNDLICH ADSORPTION ISOTHERM


Freundlich adsorption isotherm is described by, 



Cs    =     KF CenF        or       

       log Cs   =    log KF      +   nF log Ce
where, KF and nF are constants.

The Freundlich equation has no real physical significance, but is a useful curve fitting tool and may, on the other hand yield valuable approximation, describing the distribution of certain metals between soil and solute (Christensen, 1984). So Freundlich adsorption co-efficient (Cs) can be considered as a valid measure for evaluating the relative distribution of copper solution and studied soil.

Results from fitting adsorption data for copper, in the studied soil to Freundlich adsorption equation are shown in tables 12-17, and figures21-27.

KF and nF, the Freundlich constants are indicators of adsorption capacity and adsorption intensity respectively. The lower the value of ‘n’, the higher the slope expressed by 1/n and thus higher the affinity. The values of the parameter nf are in the range 0.363 to 0.370, and the values of KF ranged from 11.22 to 17.37, indicating higher adsorptive capacity. The correlation co-efficient are found to be 0.998 – 0.999.

4.3.3 LANGMUIR ADSORPTION ISOTHERM


The Langmuir equation is expressed as 


Ce / Cs      =     1/b K​L     +     Ce / KL
where


Ce    =    equilibrium concentration of solute (mmolL-1)


Cs    =    amount of solute adsorbed per unit weight of adsorbent (mmolg-1)


KL   =     adsorption capacity (mmolg-1) or monolayer capacity


b      =     constant


A graph plotting ‘C/Cs/m’ Vs ‘C’ produced a straight line relationship, and the typical Langmuir adsorption isotherms are shown in figures 28-34. The value of Langmuir adsorption parameters are summarized in tables 18-23. The Langmuir constant KL is appreciable for the soil studied, which is in good agreement with strong adsorption.

4.3.4 LAGERGREN ADSORPTION ISOTHERM


The rate constant for adsorption of copper on clay soil was determined in tables 24-26, using the Lagergren first order equation.

        log (qe-q)         =      log qe – (Kad / 2.303) t
where qe and q are the amount of solute adsorbed per unit weight of adsorbent (mmolg-1) and ‘t’ is time in seconds.


Linear plots of log (qe - q) Vs ‘t’ suggests the applicability of Lagergren equation which are shown in figures 35-37. The rate constants calculated from the slope values are tabulated in tables 24-26.

4.3.5 NATARAJAN AND KHALAF ADSORPTION ISOTHERM


The rate constant of adsorption of copper in clay soil was calculated by applying first order kinetic equations proposed by Natarajan and Khalaf equation.

log (Ci / Ct)     =      (K/ 2.303) t

where Ci and Ct are the concentrations of solute at time ‘zero’ (initial concentration) and at time ‘t’ respectively.


Linear plots of log (Ci/Ct) Vs ‘t’ suggests that the applicability of the Natarajan and Khalaf equation as shown in figures 38-40. The rate constant calculated from the slope are tabulated in tables 27-29, show that they come close to the Kad value obtained from Lagergren’s equation.
TABLE 1

EFFECT OF INITIAL CONCENTRATION FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Conditions:
Weight of clay soil
-
3 grams

Contact time

-
40 minutes

	S. No
	Copper dosage (C)
(ppm)
	Residual Cu ​

 (Ce) (ppm)
	Amount of adsorbed Cu 
(Cs) (ppm)
	% adsorption

	1
	150
	106
	44
	29.33

	2
	200
	108
	92
	46.0

	3
	250
	132
	118
	47.3

	4
	300
	140
	160
	53.3

	5
	350
	152
	198
	56.5


TABLE 2

EFFECT OF INITIAL CONCENTRATION FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Conditions:
Weight of clay soil
-
4 grams

Contact time

-
40 minutes

	S. No
	Copper dosage (C)
(ppm)
	Residual Cu ​

 (Ce) (ppm)
	Amount of adsorbed Cu 
(Cs) (ppm)
	% adsorption

	1
	150
	90
	60
	40.0

	2
	200
	105
	95
	47.5

	3
	250
	118
	132
	52.8

	4
	300
	120
	180
	60

	5
	350
	131
	219
	62.5


TABLE 3

EFFECT OF INITIAL CONCENTRATION FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Conditions:
Weight of clay soil
-
5 grams

Contact time

-
40 minutes

	S. No
	Copper dosage
(C) (ppm)
	Residual Cu ​

 (Ce) (ppm)
	Amount of adsorbed Cu 
(Cs) (ppm)
	% adsorption

	1
	150
	85
	65
	43.2

	2
	200
	99
	101
	50.5

	3
	250
	110
	140
	56.0

	4
	300
	105
	195
	65.0

	5
	350
	120
	230
	65.7


TABLE 4

EFFECT OF SOIL CONCENTRATION 
FOR ADSORPTION OF COPPER ON CLAY SOIL

Conditions:
Initial concentration 
-
150ppm of copper



Contact time

-
40 minutes

	S. No
	 Soil

Dosage 

(g)
	Residual Cu ​

 (Ce) (ppm)
	Amount of adsorbed Cu 
(Cs) (ppm)
	% adsorption

	1
	3
	106
	44
	29.3

	2
	4
	90
	60
	40

	3
	5
	85
	65
	43.5


TABLE 5

EFFECT OF SOIL CONCENTRATION 
FOR ADSORPTION OF COPPER ON CLAY SOIL

Conditions:
Initial concentration 
-
200ppm of copper



Contact time

-
40 minutes

	S. No
	 Soil

Dosage 

(g)
	Residual Cu ​

 (Ce) (ppm)
	Amount of adsorbed Cu 
(Cs) (ppm)
	% adsorption

	1
	3
	108
	92
	46.0

	2
	4
	105
	95
	47.5

	3
	5
	99
	101
	50.5


TABLE 6

EFFECT OF SOIL CONCENTRATION 
FOR ADSORPTION OF COPPER ON CLAY SOIL

Conditions:
Initial concentration 
-
250ppm of copper



Contact time

-
40 minutes

	S. No
	 Soil

Dosage 

(g)
	Residual Cu ​

 (Ce) (ppm)
	Amount of adsorbed Cu 
(Cs) (ppm)
	% adsorption

	1
	3
	132
	118
	47.2

	2
	4
	118
	132
	52.8

	3
	5
	110
	140
	56


TABLE 7

EFFECT OF SOIL CONCENTRATION 
FOR ADSORPTION OF COPPER ON CLAY SOIL

Conditions:
Initial concentration 
-
300ppm of copper



Contact time

-
40 minutes

	S. No
	 Soil

Dosage 

(g)
	Residual Cu ​

 (Ce) (ppm)
	Amount of adsorbed Cu 
(Cs) (ppm)
	% adsorption

	1
	3
	140
	160
	53.3

	2
	4
	120
	180
	60

	3
	5
	105
	195
	65


TABLE 8

EFFECT OF SOIL CONCENTRATION 
FOR ADSORPTION OF COPPER ON CLAY SOIL

Conditions:
Initial concentration 
-
350ppm of copper



Contact time

-
40 minutes

	S. No
	 Soil

Dosage 

(g)
	Residual Cu ​

 (Ce) (ppm)
	Amount of adsorbed Cu 
(Cs) (ppm)
	% adsorption

	1
	3
	152
	198
	56.5

	2
	4
	131
	219
	62.5

	3
	5
	120
	230
	65.7


TABLE 9

EFFECT OF TIME FOR THE ADSORPTION 
OF COPPER ON CLAY SOIL

Conditions: 
Weight of soil 

-
3 grams

Initial concentration
-
 300 ppm


	S.No
	Contact Time

(min)
	Residual Copper (Ce)

(ppm)
	Copper Adsorbed  (Cs)

(ppm)
	%

Adsorption

	1
	10
	152
	148
	49.33

	2
	20
	145
	155
	51.67

	3
	30
	140
	160
	53.33

	4
	40
	130
	170
	56.67


TABLE 10

EFFECT OF TIME FOR THE ADSORPTION 
OF COPPER ON CLAY SOIL

Conditions: 
Weight of soil 

-
4 grams
 

Initial concentration
-
 300 ppm


	S.No
	Contact Time

(min)
	Residual Copper (Ce)

(ppm)
	Copper Adsorbed  (Cs)

(ppm)
	%

 Adsorption

	1
	10
	123
	177
	59.00

	2
	20
	116
	184
	61.33

	3
	30
	112
	188
	62.67

	4
	40
	100
	200
	66.67


TABLE 11

EFFECT OF TIME FOR THE ADSORPTION 
OF COPPER ON CLAY SOIL

Conditions: 
Weight of soil 

-
5 grams
 

Initial concentration
-
300 ppm


	S.No
	Contact Time

(min)
	Residual Copper (Ce)

(ppm)
	Copper Adsorbed (Cs)

(ppm)
	%

Adsorption

	1
	10
	102
	198
	66.00

	2
	20
	93
	207
	69.00

	3
	30
	90
	210
	70.00

	4
	40
	78
	222
	74.00


TABLE 12

FREUNDLICH ADSORPTION ISOTHERM FOR 
ADSORPTION OF COPPER ON CLAY SOIL
Conditions:
Weight of soil (m)
-
3 grams 

Contact time

-
40 min
	S. No
	Concentration of Copper (C)

(ppm)
	Residual Copper (Ce)

(ppm)
	Adsorbed Copper (Cs)

(ppm)
	log Ce
	log (Cs/m)

	1
	150
	106
	44
	2.029384
	1.156347

	2
	200
	108
	92
	2.033424
	1.486667

	3
	250
	132
	118
	2.127105
	1.587337

	4
	300
	140
	160
	2.120574
	1.748188

	5
	350
	152
	198
	2.152288
	1.840942


TABLE 13

FREUNDLICH ADSORPTION ISOTHERM FOR
 ADSORPTION OF COPPER ON CLAY SOIL
Conditions:
Weight of soil (m)
-
4 grams 

Contact time

-
40 min
	S. No
	Concentration of Copper (C)

(ppm)
	Residual Copper (Ce)

(ppm)
	Adsorbed Copper (Cs)

(ppm)
	log Ce
	log (Cs/m)

	1
	150
	90
	60
	1.944483
	1.190332

	2
	200
	105
	95
	2.071882
	1.311754

	3
	250
	118
	132
	2.056905
	1.531479

	4
	300
	120
	180
	2.08636
	1.64836

	5
	350
	131
	219
	2.117271
	1.738384


TABLE 14

FREUNDLICH ADSORPTION ISOTHERM FOR 
ADSORPTION OF COPPER ON CLAY SOIL
Conditions:
Weight of soil (m)
-
5 grams 

Contact time

-
40 min
	S. No
	Concentration of Copper (C)

(ppm)
	Residual Copper (Ce)

(ppm)
	Adsorbed Copper (Cs)

(ppm)
	log Ce
	log (Cs/m)

	1
	150
	85
	65
	1.9294
	0.982271

	2
	200
	99
	101
	1.9956
	1.225309

	3
	250
	110
	140
	2.056905
	1.434569

	4
	300
	105
	195
	2.0086
	1.597695

	5
	350
	120
	230
	2.033424
	1.684845


TABLE 15

FREUNDLICH PARAMETERS FOR 
DIFFERENT WEIGHTS OF CLAY SOIL
	Weight of soil (g)
	log  KF
	KF
	Slope 1/nF
	nF
	Correlation co-efficient (r)

	3
	1.24
	17.37
	2.754
	0.3631
	0.998

	4
	1.1
	12.58
	2.6981
	0.3706
	0.999

	5
	1.05
	11.22
	2.725
	0.3669
	0.998


TABLE 16

FREUNDLICH ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL
Conditions: 
Initial concentration
-
300 ppm

	S.No
	Contact Time (min)
	Weight of 

Clay Soil (g)
	log Ce
x axis
	log Cs/m

y axis

	1
	10


	3

4

5
	2.1818

2.0899

2.0086
	1.6931

1.6459

1.5976

	2
	20


	3

4

5
	2.1613

2.0644

1.9684
	1.7131

1.6627

1.617

	3
	30


	3

4

5
	2.1461

2.0492

1.9542
	0.7269

1.6720

1.6232

	4
	40


	3

4

5
	2.1139

2.0000

1.8920
	1.7533

1.6989

1.6473


TABLE 17

FREUNDLICH PARAMETERS FOR TIME 

VARIATION ON CLAY SOIL

	Time in minutes
	log KF
	KF
	Slope 1/nF
	nF
	Correlation co-efficient (r)

	10
	0.4639
	2.91
	0.5507
	1.8158
	0.9986

	20
	0.6344
	4.30
	0.4988
	2.0048
	0.9974

	30
	0.5656
	3.67
	0.5408
	1.8491
	0.9992

	40
	0.7438
	5.54
	0.4775
	2.0942
	0.9998


TABLE 18

LANGMUIR ADSORPTION ISOTHERM FOR 
ADSORPTION OF COPPER ON CLAY SOIL
Conditions:
Weight of soil (m)
-
3 grams 

Contact time

-
40 min

	S. No
	Conc. of Copper (C)

(ppm)
	Residual Copper (Ce)

(ppm)
	Adsorbed Copper (Cs)

(ppm)
	1/Ce
	m/Cs

	1
	150
	106
	44
	0.009434
	0.068182

	2
	200
	108
	92
	0.009259
	0.032609

	3
	250
	132
	118
	0.007576
	0.025424

	4
	300
	140
	160
	0.007143
	0.01875

	5
	350
	152
	198
	0.006579
	0.015152


TABLE 19

LANGMUIR ADSORPTION ISOTHERM FOR 
ADSORPTION OF COPPER ON CLAY SOIL
Conditions:
Weight of soil (m)
-
4 grams 

Contact time

-
40 min
	S. No
	Conc. of Copper (C)

(ppm)
	Residual Copper (Ce)

(ppm)
	Adsorbed Copper (Cs)

(ppm)
	1/Ce

	m/Cs

	1
	150
	90
	60
	0.011111
	0.066667

	2
	200
	105
	95
	0.009524
	0.042105

	3
	250
	118
	132
	0.008475
	0.030303

	4
	300
	120
	180
	0.008333
	0.022222

	5
	350
	131
	219
	0.00763
	0.01827


TABLE 20

LANGMUIR ADSORPTION ISOTHERM FOR 
ADSORPTION OF COPPER ON CLAY SOIL
Conditions:
Weight of soil (m)
-
5 grams 

Contact time

-
40 min
	S. No
	Conc. of Copper (C)

(ppm)
	Residual Copper (Ce)

(ppm)
	Adsorbed Copper (Cs)

(ppm)
	1/Ce
	m/Cs

	1
	150
	85
	65
	0.011765
	0.076923

	2
	200
	99
	101
	0.010101
	0.049505

	3
	250
	110
	140
	0.009091
	0.035714

	4
	300
	105
	195
	0.009524
	0.025641

	5
	350
	120
	230
	0.008333
	0.021739


TABLE 21

LANGMUIR PARAMETERS FOR 
DIFFERENT WEIGHTS OF CLAY SOIL

	Weight of soil
	1/KL
	KL
	Slope 1/b
	b
	Correlation co-efficient (r)

	3
	0.012
	83.3
	13.799
	0.0725
	0.998

	4
	0.018
	55.5
	14.01
	0.0714
	0.997

	5
	0.013
	76.9
	14.414
	0.0694
	0.998


TABLE 22

LANGMUIR ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Conditions: 
Initial concentration
-
300 ppm

	S.No
	Contact Time (min)
	Weight of Clay Soil (g)
	1/Ce
x axis
	m/Cs
y axis

	1
	10


	3

4

5
	0.0065

0.0081

0.0098
	0.0203

0.0225

0.0252

	2
	20


	3

4

5
	0.0068

0.0086

0.0107
	0.0193

0.0217

0.0241

	3
	30


	3

4

5
	0.0071

0.0089

0.0111
	0.0187

0.0212

0.0238

	4
	40


	3

4

5
	0.0076

0.0100

0.0128
	0.0176

0.0200

0.0225


TABLE 23

LANGMUIR PARAMETERS FOR TIME 

VARIATION ON CLAY SOIL
	Time in minutes
	1/KL
	KL
	Slope 1/b
	b
	Correlation co-efficient (r)

	10
	0.0101
	99.0
	1.5454
	0.6470
	0.9998

	20
	0.0109
	91.7
	1.2404
	0.8061
	0.9967

	30
	0.0098
	102.0
	1.2708
	0.7869
	0.9968

	40
	0.0104
	96.15
	0.9487
	1.0540
	0.9986


TABLE 24

LAGERGREN EQUATION FOR 
ADSORPTION OF COPPER ON CLAY SOIL
Conditions: Weight of soil

-
3 grams
        Initial concentration Ci   -
300 ppm

	Contact Time (Sec)
	Copper Adsorbed (q)

(ppm)
	qe - q
	log

(qe – q)
	Intercept

log qe
	Slope

-K ad /2.303
	Correlation

Co-efficient

(r)

	600
	148
	22
	1.342423
	1.5153
	-0.0003
	0.9997

	1200
	155
	15
	1.176091
	
	
	

	1800
	160
	10
	1
	
	
	

	2400
	170
	
	
	
	
	










         Kad = 6.9 X 10 -4  
TABLE 25

LAGERGREN EQUATION FOR 
ADSORPTION OF COPPER ON CLAY SOIL
Conditions: Weight of soil

-
4 grams
        Initial concentration Ci    -
300 ppm

	Contact Time (Sec)
	Copper Adsorbed (q)

(ppm)
	qe - q
	log

(qe – q)
	Intercept

log qe
	Slope

-K ad /2.303
	Correlation

Co-efficient

(r)

	600
	177
	23
	1.361728
	1.4976
	-0.0002
	0.9956

	1200
	184
	16
	1.20412
	
	
	

	1800
	188
	12
	1.079181
	
	
	

	2400
	200
	
	
	
	
	










         Kad = 4.6 X 10 -4  
TABLE 26

LAGERGREN EQUATION FOR 
ADSORPTION OF COPPER ON CLAY SOIL
Conditions: Weight of soil

-
5 grams
Initial concentration Ci   -
300 ppm

	Contact Time (Sec)
	Copper Adsorbed (q)

(ppm)
	qe - q
	log

(qe – q)
	Intercept

log qe
	Slope

-K ad /2.303
	Correlation

Co-efficient

(r)

	600
	198
	24
	1.380211
	1.5129
	-0.0003
	0.9594

	1200
	207
	15
	1.176091
	
	
	

	1800
	210
	12
	1.079181
	
	
	

	2400
	222
	
	
	
	
	


         Kad = 6.9 X 10 -4  
TABLE 27

NATARAJAN AND KHALAF EQUATION FOR 
ADSORPTION OF COPPER ON CLAY SOIL

Conditions:
Weight of soil

   -
3 grams

Initial concentration Ci   -
300 ppm

	Contact Time (Sec)
	Concentration at Time T(Ct)

(ppm)
	log (Ci/Ct)
	Intercept

log Ct
	Slope

-K ad /2.303
	Correlation

Co-efficient

(r)

	600
	152
	0.2953
	0.2716
	0.00004
	0.976

	1200
	145
	0.3158
	
	
	

	1800
	140
	0.3310
	
	
	

	2400
	130
	0.3632
	
	
	










Kad = 0.9 X 10 -4  
TABLE 28

NATARAJAN AND KHALAF EQUATION FOR 
ADSORPTION OF COPPER ON CLAY SOIL
Conditions:
Weight of soil

   -
4 grams

Initial concentration Ci   -
300 ppm

	Contact Time (Sec)
	Concentration at Time T(Ct)

(ppm)
	log (Ci/Ct)
	Intercept

log Ct
	Slope

-K ad /2.303
	Correlation

Co-efficient

(r)

	600
	123
	0.3872
	0.355
	0.00005
	0.9444

	1200
	116
	0.4127
	
	
	

	1800
	112
	0.4279
	
	
	

	2400
	100
	0.4771
	
	
	



                       





Kad = 1.15 X 10 -4  
TABLE 29

NATARAJAN AND KHALAF EQUATION FOR 
ADSORPTION OF COPPER ON CLAY SOIL
Conditions:
Weight of soil

   -
5 grams

Initial concentration Ci   -
300 ppm

	Contact Time (Sec)
	Concentration at Time T(Ct)

(ppm)
	log (Ci/Ct)
	Intercept

log Ct
	Slope

-K ad /2.303
	Correlation

Co-efficient

(r)

	600
	102
	0.4685
	0.4303
	0.00006
	0.9439

	1200
	93
	0.5086
	
	
	

	1800
	90
	0.5229
	
	
	

	2400
	78
	0.5850
	
	
	



 
                       




Kad = 1.38 X 10 -4  
FIGURE – 1
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FIGURE – 2
[image: image4.emf]EFFECT OF INITIAL CONCENTRATION 

FOR ADSORPTION OF COPPER
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FIGURE – 3
[image: image5.emf]EFFECT OF INITIAL CONCENTRATION 
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FIGURE – 4
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FIGURE - 5
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FIGURE - 6
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FIGURE - 7

[image: image9.emf]EFFECT OF SOIL CONCENTRATION FOR 

ADSORPTION OF COPPER

150ppm of copper- 40 min
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FIGURE - 8

[image: image10.emf]EFFECT OF SOIL CONCENTRATION FOR 

ADSORPTION OF COPPER

200ppm of copper- 40 min
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FIGURE - 9

[image: image11.emf]EFFECT OF SOIL CONCENTRATION FOR 

ADSORPTION OF COPPER

250ppm of copper- 40 min
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FIGURE - 10

[image: image12.emf]EFFECT OF SOIL CONCENTRATION FOR 

ADSORPTION OF COPPER

300ppm of copper- 40 min
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FIGURE - 11

[image: image13.emf]EFFECT OF SOIL CONCENTRATION FOR 

ADSORPTION OF COPPER

350ppm of copper - 40 min
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FIGURE - 12

[image: image14.emf]EFFECT OF TIME FOR ADSORPTION OF COPPER 
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FIGURE - 13

[image: image15.emf]EFFECT OF TIME FOR ADSORPTION OF COPPER

Weight of clay soil - 4g
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FIGURE - 14

[image: image16.emf]EFFECT OF TIME FOR ADSORPTION OF COPPER
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FIGURE - 15

[image: image17.emf]COPPER ADSORPTION AS A FUNCTION 
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FIGURE - 16

[image: image18.emf]COPPER ADSORPTION AS A FUNCTION 
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FIGURE - 17

[image: image19.emf]COPPER ADSORPTION AS A FUNCTION 
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FIGURE - 18

[image: image20.emf]LINEAR ADSORTION ISOTHERM FOR ADSORPTION 

OF COPPER ON CLAY SOIL
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FIGURE - 19

[image: image21.emf]LINEAR ADSORTION ISOTHERM FOR ADSORPTION 

OF COPPER ON CLAY SOIL
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FIGURE - 20

[image: image22.emf]LINEAR ADSORTION ISOTHERM FOR ADSORPTION 

OF COPPER ON CLAY SOIL
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FIGURE - 21

[image: image23.emf]FREUNDLICH ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL
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FIGURE - 22

[image: image24.emf]FREUNDLICH ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL
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FIGURE - 23

[image: image25.emf]FREUNDLICH ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Weight of clay soil - 5g

Contact time - 40 min
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FIGURE - 24

[image: image26.emf]FREUNDLICH ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Contact time - 10 min

1.56

1.6

1.64

1.68

1.72

1.95 2 2.05 2.1 2.15 2.2

log C

e

log (C

s

/m)


FIGURE - 25

[image: image27.emf]FREUNDLICH ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Contact time - 20 min
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FIGURE - 26

[image: image28.emf]FREUNDLICH ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Contact time - 30 min
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FIGURE - 27

[image: image29.emf]FREUNDLICH ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Contact time - 40 min
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FIGURE - 28

[image: image30.emf]LANGMUIR ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL  

Weight of clay soil - 3g  

Contact time - 40 min
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FIGURE - 29

[image: image31.emf]LANGMUIR ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Weight of clay soil - 4g

Contact time - 40 min
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FIGURE - 30

[image: image32.emf]LANGMUIR ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Weight of clay soil - 5g 

Contact time - 40 min
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FIGURE - 31

[image: image33.emf]LANGMUIR ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Contact time - 10 min
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FIGURE - 32

[image: image34.emf]LANGMUIR ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Contact time - 20 min
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FIGURE - 33

[image: image35.emf]LANGMUIR ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Contact time - 30 min
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FIGURE - 34

[image: image36.emf]LANGMUIR ADSORPTION ISOTHERM FOR 

ADSORPTION OF COPPER ON CLAY SOIL

Contact time - 40 min
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FIGURE - 35

[image: image37.emf]LAGERGREN EQUATION FOR ADSORPTION 

OF COPPER ON CLAY SOIL 

Weight of clay soil - 3g

Initial concentration - 300ppm
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FIGURE - 36

[image: image38.emf]LAGERGREN EQUATION FOR ADSORPTION 

OF COPPER ON CLAY SOIL 

Weight of clay soil - 4g

Initial concentration - 300ppm
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FIGURE – 37

[image: image39.emf]LAGERGREN EQUATION FOR ADSORPTION 

OF COPPER ON CLAY SOIL 

Weight of clay soil -5g

Initial concentration - 300ppm
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FIGURE - 38
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5. SUMMARY AND CONCLUSION


In the present study, the adsorption of copper on clay soil was studied. The soil was obtained from Udumalaipet region. The results of the experiment can be summarized by the following conclusions. 

· Adsorption of copper in the studied soil increased on increasing the concentration of applied copper.

· The same trend is also followed for varying the weight of soil.

· On varying the contact time, it was noted that maximum adsorption of copper occurred at 40 minutes.

· Results also indicated that the soil used in this study follow all the adsorption isotherms viz., Linear, Freundlich, Langmuir adsorption isotherms.

· But the Freundlich and Langmuir adsorption isotherm were a better fit than the Linear adsorption isotherm as indicated by higher ‘r’ values.

· Lagergren equation, Natarajan and Khalaf equation were used in studying the kinetics of the adsorption processes which was found to follow first order kinetics.

· The adsorption–desorption relations of heavy metals, and their concentration in soil solution have serious ecological consequences. The strong affinity and sorption capacity of this soil for applied copper, suggested that the risks of copper toxicity and the contamination of ground water and food chain were copper rich wastes to be disposed through this soil are not quite negligible.
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APPENDIX
ESTIMATION OF COPPER

(COLORIMETRIC METHOD)

PRINCIPLE

Under acidic conditions copper reacts with neocuproine to form an orange coloured complex which can be determined colorimetrically.

REAGENTS

Double distilled water was used for the preparation of reagents.

a) Stock copper solution:  3.96g of copper sulphate was added with 3ml of concentrated sulphuric acid and diluted to 1000ml with water (1ml = 1000(g of copper). 

b) Concentrated sulphuric acid

c) Hydroxylamine hydrochloride solution: 25g of hydroxylamine hydrochloride was diluted to 225ml with water.

d) Sodium citrate solution: 75g of sodium citrate was diluted to 200ml with water.

e) 5N Ammonia solution: 33ml of ammonia solution was diluted to 100ml with water.

f) Neocuproine solution: 100mg of neocuproine (2,9-dimethyl-1,10-phenathroline hemihydrate) was diluted to 100ml with methanol.

g) Chloroform

PROCEDURE
PREPARATION OF CALIBRATION CURVE


Measured volumes of standard solution (1ml = 1000(g of copper) ranging from 1 to 10ml to give standards of 10 to 100(g of copper, were pipetted out into a series of 250ml conical flask, and added 5ml of hydroxylamine hydrochloride solution and 10ml of sodium citrate solution. Added 1ml of concentrated sulphuric acid to maintain the (pH range is 2 to 4) and 5ml of neocuproine solution. The orange colour developed. To this 10ml of chloroform was added, shaken vigorously for 30sec or more to extract the copper neocuproine complex in the chloroform. After this, the mixture was separated and the chloroform layer was transferred into a 25ml volumetric flask. Repeated the extraction of the aqueous layer with an additional 10ml of chloroform and combined the extraction and was made upto 25ml with methanol. This solution was read at 457mm using the reagent blank absorbance was corrected to zero.


The above procedure was repeated for sample also. From the corrected absorbance copper in the sample was determined using calibration curve.

