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Abstract of a thesis submitted in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy. 

Sorption and Desorption Behaviour of Zinc in Soils 

by 
Dhanwinder Singh 

Fourteen soils comprising A and B horizons, from Canterbury, New Zealand were 

examined for the sorption/desorption behaviour of added and native soil Zn. These 

soils were selected to represent a wide range of soil properties likely to be of major 

importance in controlling the sorption or desorption process of Zn from soils. The 

DTPA-extractable Zn (presumably available Zn) of these soils ranged from 0.12 to 

15.98 /lg g-l soil. 

The amounts and patterns of added and native soil Zn des orbed varied between the 

different soils studied. Greater concentrations of native Zn were desorbed after five 

consecutive desorption periods from the surface soils (from 0.33 /lg g-l to 2.09 /lg g-l 

soil) than from the sub-surface soils (from 0.11 /lg g-l to 0.57 /lg g-l soil). Sorption of 

Zn was consistently lower in sub soil samples compared with surface soils. In 

contrast to native Zn desorption, the added Zn desorbed (%) was higher in sub surface 

soils than in surface soils. Cation exchange capacity and organic C were found to be 

the dominant soil variables contributing towards sorption or desorption of Zn. Cation 

exchange capacity itself accounted for most of the variation (48 to 62 %) in native Zn 

desorption, Zn sorption" and added Zn desorption. However, inclusion of clay and Mn 

oxides in the case of native Zn desorption; pH and Mn oxides in the case of Zn 

sorption; and clay, soil pH and amorphous Al oxides in the case of added Zn 

desorption explained nearly 85 to 97 % of the variation between these Canterbury 

soils. 

Desorption of Zn was found to be reversible in soils having coarse texture and it 

closely followed the original sorption isotherm suggesting that in these soils, 

desorption reactions could be described by the sorption isotherm. However, for a soil 

with comparatively high clay content and a high CEC, desorption of Zn was only 

partially reversible and there was a marked hysteresis effect between sorbed and 
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desorbed Zn. In the majority of soils studied, the longer the period of contact time of 

Zn with soil, the smaller was the Zn desorption (20 to 36.5 % reduction after 90 days). 

Zinc sorption/desorption varied widely depending on soil pH. Sorption of Zn 

increased with increase in pH and at pH near 6.5 most of the added Zn was sorbed by 

all the soils studied. Desorption of native and added Zn decreased with increase in pH 

and became very low as pH approached near neutral. The decrease, in both native Zn 

desorption as well as added Zn desorption, was larger in the pH range of 4.3 to 5.4 

than in the range 5.4 to 6.5 in all the four soils studied. An examination of 

sorption/desorption isotherms indicated that the extent of reversibility decreased as the 

pH of soils increased. At pH near 4.3, Zn desorption closely followed the original 

sorption isotherm irrespective of the concentration of Zn added to the soils studied. As 

the pH of these soils was raised to 6.4 or above, there was a marked hysteresis effect 

between sorbed and desorbed Zn. 

The desorption of added Zn (51lg g-l soil) and native Zn from the soils over a range of . 

pH values was not affected by the addition of fertilizer P (up to 50 kg ha-1
) suggesting 

that there is a low probability of P-Zn interaction in the soil system itself. 

Resin membranes appear to have considerable advantages for studying the kinetics of 

Zn desorption compared with chemical extractants such as 0.01 M Ca(N03)z or 0.005 
('IoV'\ ~A~" """d c.M.Ic:t~j~) 

M I;>TPA. The rates of native and added Zn desorptIOn using both types,A0f memoranes 

at lower pH were rapid initially and gradually declined with time. The kinetics of 

native Zn desorption were best described by simultaneous first-order and pseudo first 

order models, and added Zn desorption by first-order and pseudo first order models. 

The parabolic diffusion model also gave reasonably good fits for both native and 

added Zn desorption. As the desorption data could be predicted by several different 

types of kinetic models, it is probable that in the heterogeneous soil system more than 

one type of mechanisms are likely to be involved. With increasing pH from 4.3 to 6.5, 

the Zn desorption rates in the soils were decreased. Increasing the length of contact 

period also substantially decreased the rates of Zn desorption. Irrespective of the 
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length of contact time of Zn with soil, simultaneous first order, pseudo first-order and 

parabolic diffusion gave good fits for the rate of Zn desorption. 

Key words: Sorption, desorption, native Zn, added Zn, isotherms, pH, contact period, 

Zn-P interactions, kinetics, resin membranes. 
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Chapter 1 

Introduction 

1.1 Zinc: An essential micronutrient 

Quantitatively, Zn may be a negligible chemical constituent of soils, but it is one of 

the essential micronutrients required for the normal growth of plants and animals. 

The beneficial effect of Zn on the growth of the fungus Aspergillus niger was first 

observed by Raulin in 1869~ However, the discovery of the essentiality of Zn for 

higher plants was first reported by Maze in 1914 and was finally confirmed by 

Sommer and Lipman (1926) and Todd et al. (1938). Zinc is involved in several 

enzymatic reactions of protein and carbohydrate metabolism of plants (Marschner, 

1986). A key role of Zn in gene expression and regulation has also been reported 

(Klug and Rhodes, 1987). In animals, Zn is essential for maintaining normal growth, 

reproduction and lactation performance (Miller et ai., 1979). Moreover, Zn is 

essential to the integrity of the immune system. Zinc has also been proposed to playa 

role in stabilization of cell membranes and microtubule polymerization (Hambidge et 

al., 1987). 

1.2 Chemistry of Zn 

In the natural environment, Zn (atomic number 30) shows only the single valance state 

of Zn2
+ and hence its solution chemistry is simpler than many other heavy metals. 

Elemental Zn has an electronic configuration of 1s2, 2S2, 2p6, 3s2, 3p6, 3d10
, 4s2 and 

the only natural oxidation state of Zn, Zn(II) has an electronic configuration of 1s2, 

2S2, 2p6, 3s2, 3p6, 3d10 in both the high and low spin configurations. Therefore, the 

ion is formed by loss of the 4s electrons. At the same time, the prt:sence of 10 3d 

electrons does affect the way Zn interacts with surfaces. The Zn2
+ ion has an ionic 

radius 0.83 A and mostly shows 4-coordination in mineral structures, but in some 

minerals 6-coordination occurs with oxygen (Krauskopf, 1972). 
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1.3 The occurrence of Zn deficiency 

First observed in orchard soils in USA in 1927, Zn deficiency is probably now the 

most widespread micronutrient disorder of food crops world-wide. Sillanpaa (1982) 

reported that Zn deficiency in plants is probably present in almost every country 

studied, excluding Belgium and Malta. Ponnamperuma (1980) reported Zn deficiency 

as the main nutritional problem likely to limit grain yield, after nitrogen and 

phosphorus. This has been observed, especially in developing countries during the 

last two decades, following the adoption of high yielding varieties, intensive 

cultivation, increased use of chemically pure micronutrient free fertilizers and limited 

use of animal manures. These factors cause an imbalance of micronutrients in the soil 

and ultimately cause fertility depletion (Chandi and Takkar, 1982). After recognition 

ofZn deficiency as a field problem in rice in Asian countries (Ponnamperuma, 1980), 

it has been reported over extensive areas in China, India, Pakistan, Bangladesh, 

Burma, Indonesia, Japan, Korea, Philippines, Taiwan and Thailand. In Australia, Zn 

deficiency is widespread in certain regions, including parts of Western Australia, 

Queensland, South Australia, Victoria, and New South Wales (Donald and Prescott, 

1975). 

Zinc deficiency can occur on most types of soils both mineral and organic, under both 

acid or alkaline conditions. The cause of Zn deficiency in soils can be due to either 

too little total Zn being present in their parent materials or low plant availability of the 

Zn that is present ... Schulte and Walse (1982) found that Zn 

deficiency is more likely to occur in sands, sandy loams, loams and organic soils than 

in silty or clayey soils. Soils having one or more of the following characteristics may 

be deficient in Zn : pH values less than 5.0 or higher than 7.5, high organic matter 

content, prolonged periods of waterlogging, Mg/Ca ratios greater than 1, low 

extractable Zn content, strong Zn sorption characteristics (Ponnamperuma, 1980). 

Overliming, as well as other management practices, can cause Zn deficiencies 

(Kowalenko et at., 1980). Negative interactions between Zn and several other 

essential elements (such as P) can also lead to Zn deficiencies in plants (Robson and 

Pitman, 1983). 
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1.4 Soil Zn levels in New Zealand 

In some areas of New Zealand, total Zn concentrations are reported to be low 

(Whitton and Wells, 1974; Wells and Whitton, 1979) and extractable soil Zn 

concentrations in some soils of Canterbury Plains have been shown to be extremely 

low (McLaren et ai., 1984). Despite this, there have been few reports ofZn 

deficiency in pastures in New Zealand. The total Zn concentration in 94 top soil 

samples of New Zealand soils studied by Whitton and Wells (1974) ranged from 14 to 

200 Ilg g -I with an average of 63 Ilg g -I. M~Leod and Quin (1979) reported the 

occurrence of Zn deficiency in pasture herbage in South Canterbury caused by heavy 

application of lime. Although Zn deficiency in New Zealand would not appear to be 

a significant problem from the point of view of pasture growth, it has been suggested 

that in some areas pasture herbage Zn concentration may be below the minimum 

nutritional requirement for grazing the livestock (Towers and Grace, 1983). In New 

Zealand, Zn has often been added to pastures annually as an incidental component of 

superphosphate. 

1.5 Geochemistry of Zn 

The average concentration of Zn in the upper continental crust is approximately 70 Ilg 

g-I (Wedepohl, 1991). Igneous rocks are the primary source of the Zn present in soils. 

Upon weathering, the Zn becomes associated with all the phases of the geochemical 

cycle: soils and sediments, metamorphic and sedimentary rocks. In igneous rocks, the 

average Zn concentration in mafic rocks (100 Ilg g-I) is greater than in felsic rocks (40 

Ilg g-I) (Taylor, 1964). The Zn concentration in argillaceous sediments and shales is 

enhanced, ranging from 80 to 120 Ilgg-t, while in sandstones and calcareous rocks 

Zn concentration range from 10 to 30 Ilg g-l. Zinc occurs mainly as zinc sulfide 

(ZnS), but it is also known to substitute for Mg2+ in silicates. The more common ore 

minerals ofZn are Sphalerite [ZnS] (Zinc blende), Zincite, Franklinite, smithsonite 

(ZnC03) and hemimorphite [Zn4Sh07(OHh.H20] (Calamine) (Barak and Helmke, 

1993). 
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Soils fanned from basic rocks are richer in Zn, whereas soils from granite, gniesses 

etc. are poorer (Vinogrador, 1959). In soils, the total concentration of trace elements 

such as Zn is related directly to the concentration in the parent material and to 

weathering processes (Mitchell, 1964) but as weathering and soil fonnation proceed, 

the influence of parent material lessens while the influence of active pedogenic factors 

becomes greater (Tiller, 1963). Aubert and Pinta (1977) concluded that parent 

material has a much greater effect on soil Zn content than do pedogenic factors. In 

New Zealand, approximately half of the soils are derived from sedimentary rocks, a 

quarter from metamorphic rocks and the rest are from volcanic rocks (mainly andesite 

and rhyolite) (Whitton and Wells, 1974). 

1.6 Zinc in soils 

The total concentration of Zn in soils depends on the composition of the parent 

material and soil mineralogy, especially the concentration of quartz, which tend to 

dilute most elements. The most quoted range for total Zn in normal soils is 10 to 300 

Ilg g-l with an average of 50 Ilg g-l (Lindsay, 1972), although a wider range of 1 to 

900 Ilg g-l with an average of 90 Ilg g-l has also been reported (Bowen, 1979). 

Berrow and Reaves (1984) reported a mean Zn content of 40 Ilg g-l for world soils. 

The mean total Zn content of tropical Asian paddy soils ranges from 35 to 88 Ilg g-l 

(Domingo and Kyuma, 1983). 

Total Zn contents are mainly of geochemical importance and can seldom be used as an 

appropriate criterion for evaluating plant availability. Consequently, some measure of 

'extractable' Zn is the universal form of the element generally used for diagnostic 

purposes. In general, the distribution of Zn in the soil profile is usually higher in the 

surface horizon of the soil than in the underlying layers (John, 1974), partly because of 

its association with the organic matter content (Follet et ai., 1981). 

Different soils vary widely in their capacity to supply Zn to plants, regardless of the 

total amount of Zn they contain. Viets (1962) classified soil Zn into five chemical 
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pools, viz. (I) Water soluble (II) easily exchangeable (III) sorbed, chelated or 

complexed (IV) occluded by or co;...precipitated with metal oxides, carbonates or 

phosphates and other secondary minerals and (V) held in primary minerals. However, 

plants can take up only water soluble or exchangeable forms of soil Zn. The first three 

pools are believed to be in reversible equilibria with one another with equilibria being 

established relatively quickly. Sorbed and chelated or complexed Zn (pool III), 

because of its size, is considered to be of great significance to plants. Extraction with 

DTPA (Diethylene triamine penta acetic acid), which is most frequently used to 

determine Zn availability to plants, quantifies a labile fraction of soil Zn comprising 

water soluble, exchangeable, sorbed, chelated and some occluded Zn. 

Most of the total Zn in soils exists in unavailable forms and only a small fraction of 

total Zn is water soluble or exchangeable. The amount of Zn associated with organic 

matter is generally higher than that in the exchangeable fraction (Sanders et ai., 1986). 

The greatest proportion of soil Zn occurs in the residual silt and clay fraction of fine 

textured soils, which is comprised of the highly resistant primary and secondary 

minerals (Shuman, 1985). The majority of Zn in this fraction is associated with 

silicate minerals in isomorphous substitution sites within primary or secondary 

minerals. Zinc that is DTP A extractable, as well as other extractable forms are often 

correlated with more available fractions, such as exchangeable and organic fractions 

and thus are considered plant available (Rappapori et ai., 1986; Shuman, 1986, 

198~b). Ma and Uren (1996a) found that 75 to 87 % of endogenous Zn in the soils 

existed in the residual fraction which is considered largely to be silicates, while Zn 

added as fertilizer to field soils was found predominantly in the EDT A-extractable 

fraction and was associated with Fe (AI) and Mn oxides. Iyengar and Deb (1977) 

found only 20 to 60 % of Zn applied to alluvial, red and lateritic soil groups from 

India could be recovered- . by complexing agents such as DTP A. 

1.7 Zinc in soil solution 

Soil solution Zn is the central focus of soil Zn chemistry, since it is from this medium 

that plants absorb Zn and other nutrients and it is the centre of all the important soil 
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chemical processes (Lindsay, 1979). The Zn concentration in soil solutions ranges 

from 4 to 270 IJg rl, depending on the soil and techniques used for obtaining the 

solution (Kabata-Pendias and Pendias, 1992). Zinc can occur in the soil solution 

either as simple Zn2+ ion, as a complex inorganic ion (such as ZnOH+), or as soluble 

organic complexes. About 50 % of the total dissolved Zn has been shown to occur as 

the free cation (Barak and Helmke, 1993). However, the actual forms present in 'a 

particular soil depends on factors such as soil pH, temperature, redox potential, 

relative concentrations of possible organic and inorganic ligands, fertilizer additions 

and plant uptake. The level of Zn in solution at a specific soil pH depends on the 

nature of the soil surfaces and the level of Zn in the soil. Where hydrous oxide 

surfaces are present, the Zn level in solution is usually relatively low. At high pH (> 

7.5) soluble Zn may actually increase as organic complexes in soil solution become 

more evident, while much of the Zn in solution is in free ionic form below a soil 

solution pH of 6.5 (Jeffrey and Uren, 1983; Dang et al., 1996). Above pH 7.7, ZnOH+ 

and eventually Zn(OH)2° , dominate. The ZnS04° ion pair is the most abundant Zn 

complex, while complexes ofNOa-, H2P04- and cr would be significant only at 

extremely high levels of these anions. The solubility of Zn is highly pH dependent 

and decreases lOO-fold with each unit increase in pH (Lindsay, 1991). Zinc 

deficiencies can be induced by over-liming acid soils. At low pH values, some Zn2+ 

may be present on the exchange complex of soils, but at high pH values, the level of 

Zn2+ in solution is so low that very little Zn2+ is held on the exchange complex. 

Ch~mical Zn species in soil solution are more important than total Zn content in 

solution, which, to a great extent determine plant Zn availability. 

1.8 Reactions of Zn with soil 

The chemical forms of Zn in soil determine its distribution between soil solid and 

solution phases and hence its availability to plants. Zinc deficiency occurs as a result 

of the soils inability to maintain soil solution Zn concentrations at levels and in forms 

that satisfy both the requirements of plants and of animals grazing the plants. An 

understanding of mechanisms by which the concentration of Zn in soil solution is 

controlled is important in terms of its supply to plants. 



Zinc exists in solution predominantly as the Zn2
+ ion and,assuch, is attracted to the 

~"Jju..t~ 

charged surfaces of soil colloids. The more prevalent colloids areJclay minerals, 

hydrous oxides of AI, Fe and Mn, and soil organic matter. These soil colloids are 

believed to play an important role in the fixation and! or precipitation of added Zn. 

Jenne (1968) asserted that sorption and desorption mainly from oxide surfaces 

controlled the amounts of me~als in solution because of their strong affinity for metal 
c,o",a'h h.c .... rs 

ions and described these . as the principal factor in the fixation of Zn. Zinc 

tends to be associated more with iron oxides than manganese oxides (Shuman, 1985; 

Armour et ai., 1990). Sorption of Zn by soluble Al hydroxide species is strongly 

promoted by addition of clay (Keizer and Bruggenwert, 1991). Soil organic matter 

occurs in various forms, including water soluble and solids in various degrees of 

decomposition. Zn is associated with these materials by being incorporated in the 

structure of the less decomposed material, by chelation, which causes resistance to 

exchange, and by exchange and sorption sites, both specific and non-specific. 
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There is continuous interaction between the soil solution and soil colloid surfaces, and 

the components in solution develop (partial) equilibration with the same substances 

sorbed at the surface of the soil colloids. Chemical interactions at the solid phase may 

comprise I) formation or rupture of a bond between sorbate and surface (sorption / 

desorption) II) rearrangement of the solid structure and formation and disappearance 

of ~olid species (Precipitation / dissolution). It is now generally accepted that the 

solution concentration of Zn and other micronutrients are more likely to be controlled 

by adsorption / desorption reactions (Swift and McLaren, 1991) although there are 

some studies which support precipitation / dissolution of Zn in soils (Sadiq, 1981; 

Pulford, 1986; Ma and Lindsay, 1990), especially in soils with high pH and high Zn 

concentrations. Precipitation has been dismissed as a mechanism for removing Zn 

from soil solution, since most of solid phase species are too soluble to exist in 

uncontaminated soil (pH <8) (Norvell et ai., 1987; Fotovat et ai., 1996). Below pH 7 

all the solutions are undersaturated with respect to the least soluble hydroxides and 

carbonates of Zn2
+, indicating that simple precipitation is not involved in metal 

retention in the soil. To distinguish between the two types of mechanisms is difficult 
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as long as independent data, on which a decision can be based, is unavailable 

(Sposito, 1984). Hence we used the term "sorption" in the present study, as suggested 

by Sposito (1984). 

1.9 Zinc sorption 

When Zn is released from soil minerals, mineralised from organic matter, or added to 

the soil by means of irrigation or fertilization, part of it remains in soil solution and 

part is sorbed by the soil. Traditionally it is considered that there are two main forms 

of sorbed ions: (a) non-specifically sorbed ions (outer-sphere surface complexes), 

which involve electrostatic bonding and are operationally defined as readily 

exchangeable and (b) specifically sorbed ions (inner-sphere surface complexes), 

which involve ionic or covalent bonding and are operationally defined as non

exchangeable. The difference between two forms is made by measuring sorption in 

the absence and presence of an indifferent electrolyte. Soil Zn is sorbed by both 

specific and non-specific processes with the importance of the specific processes 

apparently increasing with increasing pH (Kalbasi et al., 1978). At low pH, non

specific sorption is more prevalent where the major cations competing with Zn2+ for 

exchange sites would be Ca2+, A13+ and H+ (Jeffery and Uren, 1983). Since, in an 

unfertilised soil, at any time, there are only extremely small amounts of Zn present 

compared to the concentration of major nutrients, specific sorption of Zn is likely to 

be the dominant process. Bonding due to ion exchange (physical sorption) has been 

suggested as a Zn sorption mechanism on clays and organic matter (McBride, 1980; 

Harter, 1983), whereas chemisorption (covalently bonded) is considered to be . 

responsible for Zn sorption on hydrous oxide surfaces (McBride and Blasiak, 1979). 

Most studies of Zn sorption have been conducted using Zn concentrations higher than 

would be found in natural systems. However, when considering plant availability, it is 

particularly important to study Zn sorption at concentrations near those which occur 

naturally. Extrapolation of Zn sorption data obtained at high concentrations to lower 

concentrations should not be attempted because the slopes may increase as Zn activity 

approaches zero (Tiller et ai., 1972). This arises from the likelihood of variable 



bonding energy especially at low surface coverage. Also the mechanism of Zn 

sorption could be different at higher concentrations compared to that at lower 

concentrations (Ma and Lindsay, 1993). 

1.10 Zinc desorption 
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The process of releasing Zn from the soil solid phase has been considered to be 

responsible for the replenishment of the soil solution with available Zn for plant 

uptake (Swift and McLaren, 1991). In a deficiency situation, it is the desorption 

process which controls the amount and rate of release of nutrients (native and added) 

for plant uptake. Desorption studies are particularly important as it is envisaged they 

will provide information about the plant availability of solid phase forms of soil Zn. 

Numerous studies have been carried out of the sorption of Zn and other rnicronutrients 

by soils and soil components. By comparison, far fewer have been concerned with 

desorption of these nutrients. Some scientists have examined the sequential 

desorption of Zn by water, indifferent electrolytes, complexing agents and mineral 

acids, thus providing a measure of different chemical pools of Zn in soils. Sinha et al. 

(1975) studied the desorption of 65Zn equilibrated acid soils by sequential extraction 

with 0.01 M CaCh, 0.01 M Mg(N03)z, 0.008 M fulvic acid and 0.001 M DTPA 

buffered to different values. The desorption of Zn from these soils was found to be an 

exponential process. However, Tiller et al. (1972) found that desorption of 65Zn from 

the.soil by fulvic acid and EDT A could be expressed by the equation 

Y = (1 + kdk)X + C, 

where Y = amount of 65Zn sorbed before extraction 

X = amount of 65Zn in the extractant at equilibrium 

k1= slope of linear desorption isotherm 

k = a combined constant including the formation constant of Zn fulvate or Zn 

EDT A and their concentrations used. 

C. c: C,.()I"\5 tC\",t 
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Cottenie and Kiekens (1972) found that desorption occurs at low pH values and for Zn 

the critical pH value is about 5. Sidhu et al. (1977) found that cumulative Zn 

desorption was inversely related to the differential buffering capacity of these soils. 

Kiekens (1980) while studying the desorption of Zn found that an important fraction 

of Zn was irreversibly fixed by the soil. One simple explanation for the poor 

reversibility of Zn sorption of oxides is that, since chemisorption is almost certainly 

involved, the activation energies for desorption may be much larger than those for 

sorption and thus the rate of desorption at ambient temperature is likely to be much 

slower than the rate of sorption (McBride, 1991). The term desorption is sometimes 

misinterpreted to describe studies in which sorbed micronutrients are 'extracted' 

(rather than des orbed) back into solution using reagents such as acids or chelating 

agents (e.g. DTP A used by Kuo and Mikkelson (1980) and Dang et al. (1994b) for 

studying kinetics of Zn desorption from soils). However, desorption of micronutrients 

should be determined by repeated was.hing the soil or soil component with the same 
,bu..C 1"1 +1\, ClbSU'leL of H,e Solo.c.t"e.. c..oV1~r'\«A 

background electrolyte as used in the initial sorption reaction~Tiller et al., 1984a; 

Swift and McLaren, 1991). Tiller et al., 1984a separated non-specifically sorbed Zn 

from that specifically sorbed, on the basis of affinity, by describing Zn desorbed 

during the first washing as non-specifically sorbed and Zn desorbed during subsequent 

equilibrations as specifically sorbed. Cavallaro and McBride (1984) found that, 

depending on the pH of equilibrium solution, 32 to 95 % of Zn sorption was not 

exchangeable by repeated washes. 

1.11 Sorption / desorption of Zn by soil components 

The soil is a complex heterogeneous system, and the main soil colloidal components 

involved in the sorption / desorption behaviour of soils have been grouped into three 

categories: 

I) Layer silicate clays: tend to be dominated by permanent charge usually generated 

by isomorphous substitution of ions with in the clay lattice. Some variable charge 

sites are also found at the fractured edges of clay mineral lattices and these vary as a 

proportion of the total clay charge depending upon the type of clay, particle size etc. 



IT) Oxides and hydrous oxides: exhibit pH dependent variable charge generated by 

protonation and deprotonation of surface oxygens and hydroxyl groups. 

ill) Soil organic matter: exhibit charge mainly from the dissociation of carboxyl and 

possibly phenolic groups and is pH dependent although the mechanism is different 

from oxides. 
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Soils vary in their sorption / desorption behaviour depending upon the proportions of 

these soil components. 

1.11.1 Layer silicate clays 

Zinc can be sorbed by different clay minerals which vary in their sorption capacity 

(Reddy and Perkin, 1974; Shuman, 1975; 1976; Tiller et al., 1984a). The difference 

in sorption capacity may be attributed to the differences in CEC of clays, specific 

surface area, matrix pH and their basic structural make up. Zinc sorption by layer 

silicates involves predominantly edge weak acid sites at lower surface coverages 

(higher affinity sites) and permanent charge sites at higher metal coverages (lower 

affinity sites) (Garcia-Miragaya et al., 1986). Zyrin et al. (1974) reported that 24 to 63 

% of Zn in soils is associated with clay minerals. Nielson (1990) reported that 2: 1 

clay minerals were the most important factor for the sorption of Zn in some Danish 

soils. Garcia-Miragaya and Davalos (1986) while studying the sorption and 

desorption of Zn on Ca-kaolinite found that at two equilibrium pH values (3.64 and 

4.75), practically all Zn sorbed up to the kaolinite's CEC was via ion exchange, and 

was desorbable by 0.5 M KN03. However, above the kaolinite's CEC, Zn2
+ was 

sorbed with higher affinity by a mechanism stronger than ion exchange, involving a 

strong association of Zn ions with silicate solid phases and even extraction with 0.5 N 

HN03 did not yield significant amounts of Zn. Divergent results of Zn retention by 

clay minerals have been reported (Rao et al., 1974; Farrah et al., 1980; Krishnasamy 

et al., 1985), which may be due to variations in mineralogy and differences in surface 

conditions. 
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Illites and montmorillonites (2: 1 layer clay minerals) have relatively large 

isomorphous substitution as compared with Kaolinite (1: 1 layer clay mineral). 

However, kaolinite has a large proportion of charge due to disruption of the structure 

at the edges of the particles ~!il1g, 1980). Madrid et al. (1991) found that 

increases in the amount of Zn sorbed by Ca-saturated montmorillonite with increasing 

pH was due to an increase in high preference sites for Zn on the clay surface. Maes 

and Cremers (1975) only observed reversible ion exchange of Zn2
+ on 

montmorillonite at pH values below 6, but at higher pH values Tiller et ai.(1979) and 

Farrah and Pickering (1976) observed greater specificity for heavy metals. Much of 

the greater specificity and irreversibility of sorption at higher pH can be attributed to 
S",eAo cu z"COH)" 

the formation of hydroxysp~c.,~S' of Zn"at the silicate surface (Tiller et ai., 1984a) 

since Zn posses a much greater tendency to hydrolyse than the alkaline earth metals 

because of its electronic structure. 

1.11.2 Oxides and hydrous oxides 

Oxides and hydroxides of AI, Fe and Mn have long been recognised as important 

sorbents for number of trace metals, including Zn, whose sorption to and desorption 

from the surface of oxides influence sorbate behaviour in the environment. The most 

important mechanism to account for the sorption of Zn by hydrous oxide surfaces in 

soil is specific sorption which is strongly pH dependent (McBride and Blasiak, 1979). 

Numerous studies have been carried out demonstrating the ability of oxides to sorb 

Zn; hydrous Fe oxides (Anjana-Srivastava et ai., 1990; Madrid et ai., 1991; Ghanem 

and Mikkelsen, 1988), hydrous Mn oxides (Stahl and James, 1991; Zasoski and 

Burau, 1988; Lo ganathan et ai., 1977) and hydrous Al oxides (Shuman, 1977; 
st'cc·;fic. 

Kalbasi and Racz, 1978; McBride, 1978). Kalbasi et ai. (1978) reported tha~sorption 

of Zn from aqueous ZnCh solutions by the hydrous Fe oxides account for 60 to 90 % 

of the total Zn sorbed. Xing et ai. (1995) also observed decrease in Zn retained by 

two types of soils after removal of amorphous Fe oxides. The specific sorption of Zn 

by hydrous oxides might be partially responsible for the fixation or unavailability of 

Zn applied for the crop production. 
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Stahl and James (1991) found that the goethite-coated sand retained Zn principally in 

a non-exchangeable form, while the haematite-coated sand retained Zn in both 

exchangeable and non-exchangeable forms. As pH increased, the Zn distribution 

changed from predominantly exchangeable to predominantly non-exchangeable Zn 

retention in both oxide systems. Results from some of the relatively few desorption 

studies reported to date indicate that a substantial proportion of Zn sorbed by oxides 

cannot be desorbed readily back into solution (Padmanabham, 1983; Anjana

Srivastava et ai., 1990). Such observations have been linked to the results of studies 

which have shown that following the initial sorption of Zn by oxide materials 

relatively slow Zn-oxide reactions continue to occur (Bruemmer et ai., 1988). 

Studies of pure specific oxide minerals (such as goethite, hematite, gibbsite etc.) may 

be useful as likely models of soil oxide behaviour but pure oxide minerals differ 

substantially from soil oxides in terms of crystallinity, purity and surface area (Swift 

and McLaren, 1991). Hence sorptive strength of soil oxides may not be same as one 

would expect from surface area considerations only. There could be associations 

between colloids in soils. Keizer and Bruggenwert (1991) studied the effect of 

presence of clay on the sorption of Zn by Al hydroxide species. The aluminium 

hydroxide system containing clay sorbed more Zn2
+ ions than the aluminium 

hydroxide system without clay which was explained by the creation of additional sites 

with high affinity for Zn due to sorption of Al hydroxide species on the clay surface. 

Jen:ne (1968), in a review of metal reactions in soil and water concluded that Mn

oxides and Fe-oxides control the fixation of Zn. Shuman (1976) found that hydrous 

iron (Fe) oxides are important in Zn sorption, although removing them from the soil 

gave mixed results. Cavallaro and McBride (1984) found a significant reduction in Zn 

sorption with the removal of iron oxide fraction from two soil clays. 

1.11.3 Soil organic matter 

Organic matter, which has both cation exchange properties and chelating ability, plays 

an important role in soil retention of Zn. It forms co-ordination complexes with Zn 

which may occur in both the solid phase soil organic matter and soluble organic 
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complexes in soil solution (Hodgson et ai., 1966). However, Zn that is present in the 

organic matter fraction of the soil is largely restricted to the surface horizon of the 

soil. Tr.;. Zn can be released into the soil solution through mineralisation which can 

be an important source of available Zn to plants. Shuman (1979) reported that 10 % 

of soil Zn was associated with the soil organic matter fraction. 

In predominantly mineral soils, nearly 70 to 80 % of organic matter has been 

estimated to consist of humic substances namely humic acid, fulvic acid and humin 

(Schnitzer, 1978). These humic substances contain a relatively large number of 

functional groups (COOH, OH, C=O), having a great affinity for metal ions such as 

Zn2
+. Humic acids are soluble only in alkaline medium while fulvic acids are soluble 

in both alkaline and acid medium. Randhawa and Broadbent (1965), in their studies 

of sorption of Zn by humic acids, found that although the stable fraction of Zn (bound 

by strongly acidic COOH groups) represented less than 1 % of the total Zn retained, it 

was of great significance because of its preferential sorption. The fulvic acid fraction 

and low-molecular weight organic acids mainly form soluble complexes and chelates 

with Zn in soil (Schnitzer and Skinner, 1966) thus increasing the solubility and 

mobility of Zn. Bar-Tal et ai. (1988) demonstrated decreased Zn sorption by smectite 

in the presence of fulvic acid. Elrashidi and 0' Connor (1982b) similarly found that 

the presence of EDT A in soil suspension significantly decreased Zn-sorption by soil, 

indicating that competition exists between the ligand and soil sorption sites. 

Chairidchai and Ritchie (1990) found that six organic ligands all decreased sorption of 

Zn by a lateritic soil. The role of organic matter seems to be less important for Zn 

sorption than for metals like Cu (Elliot et ai., 1986), possibly because of the lower 

affinity of Zn for organic matter relative to other metals (Schnitzer and Skinner, 1966; 

Stevenson, 1977). Elliot et ai. (1986), however, indicated that, when accompanied by 

a large reduction in CEC, extraction of organic matter markedly decreased Zn 

sorption. 



1.12 Factors affecting Zn sorption and desorption by soil 

constituents 

1.12.1 Soil pH 
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Soil pH is one of the most important factors affecting the plant availability of Zn in 

soil. The influence of pH on Zn sorption by soils is so large that pH has been called 

the "master variable" (Msaky and Calvet, 1990). Generally, Zn becomes less 

available to plants with increasing pH. At equilibrium solution-Zn concentrations of 

about 10-1 M sorption by hydrous Fe oxides increased by roughly a factor of 10 

between pH 5.5 and 6.5 while at trace concentrations of 10-7 M, the increase was 

about 45 times for each unit increase in pH (Kinniburgh and Jackson, 1982). McBride 

and Blasiak (1979) stated that nucleation of Zn hydroxide on clay surfaces may 

produce the strongly pH dependent retention of Zn in soils. The minimal Zn 

concentration in solution occurred between pH 7 and 8. Tiller et ai. (1984a) found 

that the proportion of non specifically sorbed metal decreases with pH over the pH 

range of 4 to 7. Higher initial concentrations of Zn could be expected to enhance non 

specific sorption because after saturation of high affinity sites the residual Zn 

concentration is higher relative to Ca2+ and the metal can compete better with Ca2+ for 

sites of lower affinity. The effect of pH on sorption or desorption of Zn in soils could 

be due to: 

I) With increasing pH, hydroxyl ions are sorbed and these form a site of attachment of 

Zn Ions (Farrah and Pickering, 1977). 

II) Zinc ions compete for sorption sites with H+ ions. In this approach, it is the 

reduced in competition at high pH that favours Zn retention (Bar-Yosef, 1979). 

III) Variation in the charge of sorbing surfaces with change in pH affect the extent of 

the reaction of Zn with the charged surfaces (Davis and Leckie, 1978). 

IV) The effects of increasing pH on Zn sorption due to a combination of an 

increasingly favourable electrostatic potential plus an increasing proportion of ZnOH+ 

ions (Barrow, 1986b) 

V) The enhanced Zn sorption at high pH values may stem from reduced competition 

with Zn2+ on common clay sorption sites and higher bonding energy of ZnOH+ to clay 

surface as compared with Zn2+ (Bar-Tal et ai., 1988). 
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Zinc distribution in different soil fractions is also affected by pH changes, usually 

increasing in more plant available fractions as pH decreases (Sims, 1986; Neilsen et 

al., 1986). Sims (1986) found that Zn redistributed from exchangeable to the oxide 

fraction with an increase in pH from 5 to 7. Increasing pH decreased Zn in the water 

soluble fraction (EI-Kherbawy and Sanders, 1984) and in the exchangeable fraction 

(Sanders et al., 1986; Sims, 1988). Sorption not only is pH dependent but also 

depends on the concentration of the suspension, of the Zn itself, and of other species 

of metals and ligands and on time and temperature (Brummer et al., 1988). The 

degree to which Zn is hydrolysed is also likely to be a major factor determining the 

amount of Zn retained at given pH (Harter, 1983). Neilsen et al. (1986) found that, 

with acidification, Zn was redistributed from the residual to the exchangeable and 

organic fractions, which would increase Zn plant availability. 

1.12.2 Time of contact 

The length of contact time between soil and sorbed Zn may have important 

implications for Zn uptake by plants. Increasing the length of contact time between 

soil and sorbed Zn has been shown to decrease in subsequent ability of Zn to desorb 

from the soil (Barrow, 1986a). Zinc added to the soil exists initially in soluble 

fractions, which is highly bio-available and with time reverts to the less soluble oxide 

and residual fractions, which are less plant available (Sarkar and Deb, 1985). Schultz 

et al., (1987) observed substantial hysteresis in the desorption of metal ions, including 

Zn, sorbed to hydrous ferric oxide. Brummer et al. (1988) showed that metal ions 

continued to react with a sample of goethite for up to 42 days. Ma and Dren (1996a) 

found that the proportion of recently added Zn in the EDT A-extractable fraction 

(available Zn) decreased with time and Zn from this fraction transformed into easily 

reducible Mn oxide, amorphous and crystalline Fe and Al oxide fractions (less 

available Zn). The occurrence of such reactions clearly has implications for the long 

term availability to plants of Zn added to soils as fertilizer or as pollutant. Brennan 

and Gartrell (1986) reported that the yield of subterranean clover grown with Zn 

incubated for 30 days at 30°C was as low as 62 % of that obtained with a fresh Zn 
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application. Armour et al. (1989) also observed a decrease in availability of Zn to 

navy beans with incubation of applied Zn with soil. It could be possible that there is a 

slow redistribution of Zn ions to more strongly binding or less accessible sites with 

time (Armour et al., 1989), possibly involving diffusion into extremely small pores 

and interparticle spaces (Ma and Uren, 1996a). McBride (1991) pointed out that 

reactions of solid diffusion into mineral lattice structures would be extremely slow 

indeed and hence may not be too important in the processes which decrease the 

availability of Zn 

1.12.3 Soil Zn-phosphorus interactions 

Phosphorus-Zn interactions can affect fertilizer use and produce Zn deficiencies in 

certain crops. Considerable work has been carried out on P-Zn interactions, but many 

of these experiments have shown contradictory results. Some workers have found no 

effect of applied P on soil Zn (Pasricha et al., 1987), and others have found that P 

actually increased available soil Zn levels (Saeed, 1977). Ghanem and Mikkelsen 

(1988) indicated that sorbed P lowers the zero point of charge on oxide surfaces, with 

a resultant increase in negative charge with which Zn2
+ ion may react (hence enhanced 

Zn sorption). Bolland et al. (1977) noticed similar results for sorption of Zn by 

goethite onto which phosphate was previously sorbed. Barrow (1987) noted that 

phosphate retaining and Zn retaining materials in soil differ in their behaviour from 

that of pure oxides of Fe and AI. 

The combination of both phosphate and pH is probably responsible for Zn sorption 

and consequently reduced Zn availability to plants (Ghanem and Mikkelsen, 1988). 

Barrow (1987) has suggested that some of the variability in Zn sorption may be 

explained through changes in pH and changes in charge on the reacting surfaces with 

the addition of P. Although, these effects were reported to be small at low levels of 

Zn and larger at higher levels (Barrow, 1987), application of phosphate to soils that 

are low in available Zn often increases the chance of Zn deficiency in the plants grown 

on them. Mandal and Mandal (1990) in a laboratory study found a redistribution of 

native soil Zn from water soluble plus exchangeable and organic complexed forms 
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(available) to amorphous and crystalline sesquioxide bound forms (less available) as a 

result of apply~ng P. 

The type of interaction and intensity of this interaction, if present, is expected to 

depend on the specific properties of the various soil components in a particular soil. 

Information on P-Zn interaction in soils could be obtained from the association of Zn 

desorption with soil components at a constant pH (Xie and Mackenzie, 1989). More 

than one mechanism has been suggested to account for the P-Zn interaction in soils. 

Gillman and Fox (1980) suggested that there is increase in negative charge on the soil 

colloid surface with P addition, which causes an increase in Zn sorption. However, 

Xie and MacKenzie, 1989 and Neilsen et ai., 1986 speculated that P sorption 

increased specific sorption sites for Zn. 

1.13 Kinetics of Zn desorption 

Because of the fact that the soil solid phase is in contact with the soil solution phase 

that is constantly and rapidly changing, it is very rare that there exists a complete 

equilibrium between the two phases. Following the application of Zn to the soil, it 

may move directly through the soil solution to the plant root surface, where it is 

absorbed. Alternatively, the Zn may disappear temporarily into the solid phase of the 

soil, reappearing in solution at a later time to be taken up by the plants. The rate at 

which Zn2
+ appears in solution from the soil solid phase is one of the factors that may 

affect its supply to the plants. Hence studies of rate-limited interaction between 

sorbate and sorbent (kinetics of the sorption / desorption) reactions are important. 

There is evidence to show that surface sorption reactions are comparatively fast, and 

so the reaction rate is determined largely by the accessibility of the sorption sites. The 

study of the release of metal ions such as Zn2
+, from soil solids, in response to 

depletion of the soil solution is subject to at least two complications. Firstly, 

hysteresis resulting from specific bonding, solid-phase diffusion and precipitation (if 

any) may cause the desorption pattern shown by metals to bear little relation to the 

trends shown by metal sorption (Bruggenwert and Kamphorst, 1982). Secondly, 

phenomena causing dilution of metal concentrations in the soil solution leading to 
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desorption, such as rainfall and plant uptake, may operate over short time scales such 

that kinetic criteria cannot be ignored. While there are many rate studies dealing with 

reactions of major nutrients such as P and K, micronutrients, including Zn, have 

received very little attention. The type of soil component can affect the rate of Zn 

sorption / desorption. Zinc sorption reactions are often rapid on clay minerals such as 

kaolinite and smectite and much slower on mica and vermiculite. 

Usually soils have some variable charge on the surfaces of soil colloids. At low pH 

such surfaces carry a net positive charge while at high pH the net charge is negative. 

Under natural field conditions, most soils with variable charge would carry a net 

negative charge. The amount of this negative charge can be increased by increasing 

pH e.g. by liming. Changes in the surface charge and crystallinity would be expected 

to affect the sorption of metal ions (Me2+) with time (Kinniburgh et ai., 1975). Lin 

and Xue (1994) found a significant pH effect on the rate constant of Zn sorption in 

soils. Msaky and Calvet (1990) measured the rate of reaction of Zn with soil for only 

12 h and concluded that equilibrium seemed to have been reached after 3 h. On the 

other hand, Tiller et ai. (1984a) found that for a soil clay containing a high proportion 

of montmorillonite, specific sorption was still marked after 14 days. This suggests 

there might be marked differences between soils in the rate of reaction. 

1.14 Project rationale and objectives 

The purpose of the present study was to examine "the sorption and desorption 

behaviour of native and added Zn in soils". In order to improve our understanding of 

the nature of the reaction of Zn with soils, we attempted to measure the affinity of Zn 

for different soils by desorption during brief equilibration with 0.01 M Ca(N03)2. 

Zinc extracted by O.OIM Ca(N03)2 is associated with a highly labile, soluble pool 

dominated by Zn2
+ which determines immediate bioavailability to plants. It is 

considered that, employing sorption-desorption equilibrium technique using 0.01 M 

Ca(N03h solution together with soil incubation techniques is likely to simulate 

conditions similar to those existing in the field. The amounts of added Zn used for 

this study were small and very similar to the amounts used for Zn fertilizer 



application. Information on the soil characteristics controlling the solubility and 

plant-availability of native and added Zn was sought. 

These studies were conducted with the following objectives 
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1. To study the sorption and desorption of native and added Zn from a range of New 

Zealand soils in relation to soil properties. 

2. To characterize the Zn behaviour in soil as described by sorption-desorption 

isotherms. The effect of length of contact of added Zn with the soil before 

beginning desorption was also considered. 

3. To determine the effect of pH and concentration of added Zn on sorption

desorption of Zn from soils. 

4. To determine the effect of phosphate on Zn sorption and desorption by soils. 

5. To measure the kinetics of Zn desorption from soils. The effect of pH and length 

of contact of added Zn with the soil before beginning desorption was also 

considered. 
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Chapter 2 

Materials and Methods 

Fourteen New Zealand soils from Canterbury were chosen·for the study comprising 

the A and B horizons. The soils were selected to represent a wide range of soil 

properties (e.g. organic matter, soil pH, free oxides and clay content) expected to 

influence the behaviour of soil Zn. The New Zealand classification of the soils used 

in this study is shown in Table 2.1. 

Table 2.1 Soil Classification and parent material of the experimental soils 

Soil Series NZ Soil NZ Genetic Classification Parent Material 
Classification 

Lismore Brown soil Yellow-brown stony soil Greywacke gravels with thin 
cover of loess 

Summit Brown soil Upland yellow-brown earth Greywacke loess overlying 
basalt 

Temuka Gley soil Gley soil Greywacke alluvium 

Selwyn Recent soil Recent soil Greywacke alluvium 

Takahe Pallic soil Yellow-grey earth Greywacke loess overlying 
basalt 

Waimakariri Recent soil Recent soil Greywacke alluvium 

Rapaki Granular soil Brown-granular loam Basaltic tuff and ash 

2.1 Soil Characterisation 

All the soil samples collected were air dried at 20 DC in a drying cabinet and ground to 

pass through a 2 mm stainless steel sieve. Soils were stored in polyethylene containers 

or bags at room temperature. 

2.1.1 pH water 

Air dried soil (lOg) was stirred with 25 ml of deionised water, left overnight to 

equilibrate, and pH was read on a pH meter (Blakemore et al., 1987). 
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2.1.2 Organic C 

Organic C contents were determined on 1 g finely ground sub samples «0.25 mm) by 

the Walkley-Black method as outlined in Blakemore et al. (1987). 

2.1.3 Olsen P in soils 

Soil (1 g, air dried, <2mm) was extracted with 20 ml of 0.5 M NaHC03 (pH 8.5, 

adjusted with NaOH) on an end-over-end shaker for 30 minutes. Samples were 

centrifuged at 10,000 rpm for 10 minutes and filtered through Whatman No. 42 filter 

paper. The phosphate levels in the extract were then determined using molybdenum 
Q.0IICIl 

blue (Murphy Riley, 1962) colour reaction as described by Blackmore et al. (1987) on 

a Shimadzu Double-beam spectrophotometer UV-140-02 at a wavelength of 880 nm. 

2.1.4 Total Soil Zn 

For total soil Zn analysis,S g soil samples were finely ground and then dry ashed at 

4500 C overnight. A sub sample (0.5 g) was then taken in a platinum crucible and 5 

drops of water, 1 rnl HCI04 and 5 ml of HF were added. The contents were then 

heated on a sandbath at 2200 C till drying. Two ml of water and 10 drops of HCl04 

were added in the crucibles before drying again on the sandbath. After it was dried, 

the residue was dissolved with 10 rnl 2N HCl and transferred to 50 rnl volumetric 

flask to make the volume to 50 rnl (Haynes and Swift, 1984). Concentrations of Zn in 

the solution was read on a Shimadzu flame atomic absorption spectrophotometer. 

2.1.5 DTPA-extractable Zn 

Duplicate samples of air dried, < 2 rnrn sieved soil (lOg) were extracted for 2 hours 

with 20 rnl of 0.005M DTPA solution in polypropylene centrifuge tubes on an end

over-end shaker at 20°C (Lindsay and Norvell, 1978). The samples were then 

centrifuged at 10,000 rpm for 10 minutes and filtered through Whatrnan No. 42 filter 

paper. The filtrates were collected and analysed for Zn using a Philip's flame atomic 

absorption spectrophotometer. 



2.1.6 Cation exchange capacity 

The cation exchange capacity of soils was determined by single extraction thiourea 

(AgTu) method (Pleysier and Juo, 1980) as outlined in Blakemore et al. (1987). 

2.1.7 Texture 

Soil particle distribution was determined by the International Pipette method (Day, 

1965). \ 

2.1.8 Amorphous Fe and Al oxides 

Soil samples (1 g each) were equilibrated with 50 ml of acid oxalate reagent (0.2 M 

ammonium oxalate, 0.2 M oxalic acid, pH 3) in the dark on an end-over-end shaker 

for 4 hours (McKeague and Day, 1966). The contents were centrifuged, filtered and 

Fe and Al were determined in the extract using Shimadzu flame atomic absorption 

spectrophotometer. 

2.1.9 Crystalline Fe and Al oxides 
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Fifty ml of acid oxalate ascorbic acid reagent (0.2M ammonium oxalate; O.IM 

ascorbic acid, pH 3) was added to 1 g soil sample and extraction was carried out on a 

boiling water bath for 30 minutes with occasional stirring (Shuman, 1982). The 

contents were centrifuged, filtered and Fe and Al were determined similar to as 

described for amorphous Fe oxides. 

2.1.10 Mn oxides 

One g . of finely ground soil was equilibrated with 20 ml of O.IM hydroxyl-amine 

hydrochloride (pH 2) for 30 minutes on an end-over -end shaker. The contents were 

centrifuged and filtered. Manganese was determined in the filtrate using a flame 

atomic absorption spectrophotometer (Chao, 1972). 



24 

2.1.11 Soil moisture retention characteristics 

Soil samples were equilibrated at 1 and 10 kPa tension on a tension table of similar 

design to Clement (1966), using Celite 545 as the porous bed (median particle size 26 

~m). Ceramic pressure plates (Soil Moisture Equipment Corporation, Santa Barbara, 

California, U.S.A.) were used to equilibrate the soil moisture content to -1500 kPa. 

The "available moisture capacity" was calculated from the difference in soil water 

content at 10 and 1500 kPa tension. 
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Chapter 3 

Desorption of native and added Zn from a range of 
New Zealand soils in relation to soil properties 

3.1 Introduction 

Some soils of the Canterbury Plains, New Zealand, are very low in extractable Zn and 

many are regarded as potentially Zn deficient (McLaren et ai., 1984). However Zn 

has often been added to the soils annually as an incidental component of 

superphosphate fertilizer. The bulk of Zn applied to the soil is likely to be sorbed by 

soil constituents. The availability of soil Zn to plants, particularly where low soil 

solution concentrations occur, is dependent on the soil's ability to desorb Zn from the 

soil solid phase into the soil solution. Sorption/desorption of added or native soil Zn 

will depend strongly on the properties of the soil (Shuman, 1975; Karam et ai., 1983; 

Dang et ai., 1994a; Taylor et ai., 1995a). 

The sorption ofZn by soils has been related to soil pH (Bar-Yossef, 1979; Elrashidi 

and O'Connor, 1981; Harter, 1983), cation exchange capacity (Elsokkary, 1979; Kuo 

and Baker, 1980), organic matter (Shuman, 1988b; Chairidchai and Ritchie, 1990; Wu 

et a{., 1991), soil texture (Sidhu et ai., 1977; Shukla and Mittal, 1979), iron and 

aluminium oxides (Stanton and Burger, 1970; Kalbasi et aI., 1978; Cavallaro and 

McBride, 1984; Ghanem and Mikkelsen, 1988) and manganese oxides (Shuman, 
It 

1988). Karam et ai. (1983) reported that clay content and soil pH were the dominant 

soil properties influencing the specific Zn sorption by some gleysolic C horizons in 

Quebec soils, while Taylor et ai. (1995a) found CEC, organic matter, along with pH 

and clay content, as main contributors to the variation in Zn sorption by Alabama 

soils. Shuman (1988b) by selective removal of soil constituents, found organic matter 

and Mn oxides to be as important as clays and Fe oxides for Zn sorption by soils. 

However hydrous Fe oxide removal (Shuman, 1976) gave mixed results for Zn 

sorption, i.e. in some soils it increased Zn sorption and in others it decreased sorption. 
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Although numerous studies have examined the effect of soil properties on the sorption 

of Zn by soils, no previous study has examined the effect of soil properties on 

desorption of Zn using conditions which simulate those existing under field 
.... c.o.,c.c ",tyoJ-iD'" 1""'~D"c.M 

conditions. Dang et al. (1994a) found that>. of Zn~by series of successive 

extractions with DTPA was negatively correlated with soil pH and positively 

correlated with contents of Al and Fe oxides. Chatterjee and MandaI (1985) and \ 

Sidhu et al. (1977) tried to explain the effect of soil characteristics on desorption of 

Zn by sequentially extracting Zn with a dilute salt solution followed by a chelating 

reagent (DTPA) and a mineral acid (O.1M HCI). However, the ability of the 

extract ants such as DTPA or O.1M HCI, to simulate true desorption from the solid soil 

phase into the soil solution is questionable. As noted by Swift and McLaren (1991), 

the true desorption of micronutrients should be determined by washing the soil 

(usually repeatedly) with a background electrolyte (as used in sorption studies) rather 

than extraction of micronutrients back into solution using reagents such as acids or 

complexing agents. This means our understanding of Zn desorption as affected by 

soil properties is far from complete. 

Soil properties may not necessarily affect Zn desorption in the same way as they do 

sorption. It is important to understand the effect of soil properties on desorption of Zn 

from the solid phase to soil solution since this will provide information about plant 

availability of solid phase forms of soil Zn. The objective of the study described in 

this.chapter was to examine the desorption of both native and applied Zn from a range 

of New Zealand soils and to relate Zn desorption characteristics to individual soil 

properties. 

3.2 Materials and Methods 

3.2.1 Soils 

The surface and sub-surface horizons of seven soils sampled in Canterbury, New 

Zealand, were used for this study. The soils were selected to represent a wide range of 

soil properties (e.g. organic matter, soil pH, free oxides, and clay content) expected to 

influence the behaviour of soil Zn. The soil series, soil classification and parent 



material on which these soils formed are given in Table 2.1. Soil samples were air

dried and crushed to pass through a 2 mm stainless steel sieve. Some relevant soil 

properties are listed in Table 3.1. 

3.2.2 Soil properties 
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Soil pH was determined in a 1 : 2.5 soil: distilled water suspension. Clay, sand and 

silt percentages were determined by mechanical analysis (Day, 1965). Organic carbon 

was determined by wet oxidation (Walkley and Black, 1934), cation exchange 

capacity by single extraction thiourea (AgTu) method (Pleysier and Juo, 1980) and 

Olsen P by extraction with 0.5M sodium bicarbonate at pH 8.5 (Murphy and Riley, 

1962). Amorphous Fe and Al oxides were determined by acid oxalate extraction 

(McKeague and Day, 1966) and crystalline Fe and Al oxides by acid oxalate ascorbic 

acid extraction (Shuman, 1982). DTPA-extractable Zn was determined using the 

method described by Lindsay and Norvell (1978). For total soil Zn analysis, the soil 

samples were finely ground, dry ashed at 4500 C before they were digested in a 

mixture of HCI04, HF and HN03 acids. 

3.2.3 Desorption of native soil Zn 

Desorption of native soil Zn was determined by equilibrating 5.0 g soil samples (in 

duplicate) with 30 ml O.lM Ca(N03)2 for 2 h. This desorption period was selected as 

the result of a preliminary study which showed little change in the amount of Zn 

desorbed from soil after the first 2 h of equilibration. Equilibrations were carried out 

in polypropylene tubes on an end-over-end shaker at 200 C. After every 2 h 

equilibration, the samples were centrifuged at 10,000 rpm and the supernatant 

solution filtered through a Whatman No. 42 filter paper. The soil samples were 

resuspended in fresh O.OIM Ca(N03h and the process was repeated five times. Zinc 

concentrations in the supernatant solutions were determined by flame atomic 

absorption spectrophotometry. 



Table 3.1 Physical and chemical characteristics of the New Zealand soils used in the experiment 

Soil Texture pH Org.C CEC Olsen P Cryst Amorp Cryst Amorp Mn 
Fe Fe AI Al oxides 

Sand Silt Clay oxides oxides oxides oxides 
<-----%-------> (%) (cmol kg· l) (Ilg mrl) <------ -----% -------> (EEm) 

Lismore A 31.25 53.43 15.32 5.5 3.15 7.62 3.67 0.936 0.225 0.529 0.203 128.9 

Lismore B 27.12 53.18 19.70 5.7 0.97 3.95 1.75 1.064 0.267 0.653 0.245 42.5 

Selwyn A 36.36 49.49 14.15 6.0 2.66 8.50 7.82 0.913 0.259 0.527 0.176 73.4 

SelwynB 71.17 20.11 8.72 6.1 0.30 3.80 4.50 0.727 0.172 0.430 0.095 20.4 

Rapaki A 16.94 52.71 30.35 5.6 3.81 11.72 13.92 1.505 0.466 0.912 0.599 229.9 

Rapaki B 15.09 53.12 31.79 5.7 2.60 11.37 6.92 1.579 0.481 0.979 0.622 266.4 

Summit A 9.62 66.57 23.81 5.3 4.28 10.87 16.00 1.264 0.590 0.894 0.419 186.6 

SumrnitB 12.63 65.65 21.72 5.3 0.98 5.60 1.93 1.336 0.582 0.903 0.396 4.0 

TakaheA 12.42 69.14 18.44 5.8 3.12 11.67 8.20 1.013 0.400 0.471 0.121 47.1 

TakaheB 11.46 69.23 19.31 6.1 0.69 10.55 3.35 1.237 0.443 0.533 0.113 16.4 

TemukaA 4.43 57.40 38.17 6.0 4.94 25.30 7.88 0.788 0.378 0.520 0.157 27.0 

TemukaB 1.33 59.82 38.85 5.4 0.57 18.52 2.50 1.623 0.528 0.732 0.123 0.9 

Waimakariri A 25.04 56.93 18.03 6.2 5.55 18.20 32.58 1.148 0.353 0.630 0.176 127.4 

Waimakariri B 22.79 60.99 16.22 5.9 1.79 10.02 11.37 1.075 0.365 0.639 0.191 67.3 

tv 
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Corrections were made for Zn entrained in solution from the previous desorption by 

weighing the tubes, containing soil and Ca(N03h solution, before and after decanting 

the supernatant solution. Cumulative Zn desorption was calculated from the corrected 

Zn concentrations in successive equilibration solutions. 

3.2.4 Sorption/desorption of added soil Zn 

Sorption/desorption of added Zn was determined by equilibrating 5.0 g of each of soil 

samples (in duplicate) with 30 ml O.OIM Ca(N03h containing 2 ~g Zn mrl 

(equivalent to 12 Ilg Zn g-l soil) at 20°C for 2 h. This was followed by centrifugation, 

filtration and determination of Zn remaining in solution after 2 h as described above. 

Zn sorbed by the soil was calculated by difference from the initial Zn concentration. 
z.,- -fy-cA 

After decanting the supernatant solution, the soils were resuspended in freshp.OlM 

Ca(N03h solution and Zn desorption measured as described for desorption of native 

soil Zn. The amount of added Zn desorbed was calculated by subtracting the amount 

of native Zn desorbed under the same conditions. 

3.2.5 Analysis of data 

The amount of native Zn desorbed, Zn sorbed from the 2 ~g Zn mrl solution and the 

added Zn desorbed from the solid phase into the soil solution were related to various 

properties of the soils by simple and multiple linear regressions using SYSTAT 

statistical package. The term added Zn desorbed (%) used in this chapter refers to the 

added Zn desorbed expressed as a percentage of Zn sorbed from an initial application 

of 12 ~g Zn g-l soil. 

3.3 Results and Discussion 

3.3.1 Desorption of native soil Zn 

The cumulative amount of native soil Zn desorbed increased with the increase in the 

number of successive desorptions (Figure 3.1). The amounts and patterns of 

desorption differed between the soils. The cumulative amounts of native Zn desorbed 
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from the fourteen soils during five successive desorptions ranged from O.ll11g g-I soil 

for the Takahe B to 2.0911g g-I soil for Waimakariri A soil (Table 3.2). 

Table 3.2 Cumulative desorbed native and added soil Zn, DTPA-extractable and 
total Zn concentrations 

(,.., ,.,) 
Soil Cumulative DTPA- Desorbed Zn sorbed Added Zn Total Zn 

native Zn Zn Zn (%) as (flg g.1) desorbed (flg g-1) 

desorbed (l:!g g-1) DTPA-Zn (%) 

Lismore A 1.009 1.35 74.74 6.273 83.86 80.03 
Lismore B 0.207 0.16 129.37 3.606 93.49 89.55 
Selwyn A 0.814 1.50 54.27 8.22 65.65 77.55 
Selwyn B 0.255 0.16 159.37 3.951 78.19 57.60 
RapakiA 0.445 1.19 37.39 9.876 24.98 147.76 
Rapaki,B 0.223 0.73 30.55 9.882 23.06 124.90 
Summit A 0.887 1.47 60.34 8.478 62.43 87.55 
SummitB 0.127 0.12 105.83 3.198 81.53 71.85 
Takahe A 1.743 3.13 55.69 7.572 76.76 70.90 
TakaheB 0.112 0.12 93.33 6.663 85.18 60.95 
TemukaA 0.333 2.71 12.29 11.187 19.84 97.93 
TemukaB 0.210 0.43 48.84 7.68 63.18 104.60 
Waimakariri A 2.088 15.98 13.07 10.269 33.65 124.25 
Waimakariri B 0.570 1.46 39.04 8.628 59.77 94.05 

However, by the 5th desorption, the amount of native Zn desorbed by Ca(N03)2 was 

negligible for most of the soils, except in the Waimakariri A and Takahe A soils 

where a significant amount of Zn was still desorbing even after five equilibrations. 

Irrespective of the total Zn concentrations of the soils, the cumulative native Zn 

desorbed after five desorptions was always greater from the surface than from the 

corresponding sub surface samples (Table 3.2). This was true even with the Lismore 

and Temuka soils which have higher total Zn concentrations in the sub surface soils 

compared with the top soils. The properties of the topsoil and sub surface samples 

from each soil were very similar, apart from consistently higher organic carbon, CEC 

values and Olsen P concentrations in the top soils (Table 3.1), suggesting that these 

properties could playa significant role in the desorption of native soil Zn. 
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The cumulative amounts of native Zn desorbed were found to be significantly 

correlated with organic carbon, DTPA-extractable Zn and Olsen P (Table 3.3). 

However, these three parameters were significantly interrelated with each other. The 

relationship was also highly influenced by the Waimakariri A soil, which has much 

higher Olsen P, organic C and DTPA-extractable Zn than all the other soils (Table 

3.1). By omitting the Waimakariri A soil from the correlations, native Zn desorption 

correlated significantly only with DTPA-extractable Zn. DTPA-Zn itself remained 

significantly correlated with organic C but no longer with Olsen P. DTPA-extractable 

Zn is widely used as a measure of plant available Zn in soils (Sims and Johnson, 

1991). DTPA extracts Zn predominantly from the organic fraction of the soil. 

Desorption of Zn into O.OIM Ca(N03h solution will depend not only on the total 

amount of labile Zn (as established by DTPA extraction) but also on the other factors 

such as the types, quantities, and relative proportions of soil components responsible 

for the retention of Zn in the soil. 

Some indication of the important factors controlling Zn desorption can be obtained by 

expressing the cumulative native Zn desorbed as a percentage ofDTPA-extractable 

Zn. Correlating this parameter with other soil properties revealed significant negative 

correlations with organic C, CEC and total Zn (Table 3.3). 

Table 3.3 Coefficients of correlation (r) between native Zn desorption and some 
soil properties 

Organic CEC Total Sand Silt Olsen DTPA· 
C soil Zn P Zn 

NativeZn 0.650' NS NS NS NS 0.723" 0.787'" 
desorbed 

NativeZn -0.737" -0.788'" -0.669" 0.599" -0.547' -0.565' NS 
desorbed as a % 

ofDTPAZn 
• p < 0.05, •• p < 0.01, ••• p < 0.001 

These relationships indicate a decrease in native Zn desorption as organic carbon 

content and CEC increases. In addition, Zn desorption (as a % of DTPA-extractable 

Zn) was correlated positively with the % sand content and negatively with the % silt 
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content of the soils, indicating that the finer the soil texture, the smaller the desorption 

of native soil Zn. The significant correlation between Zn desorption (as a % of 

DTPA-extractable Zn) and Olsen P was again influenced by the very high Olsen P 

content of the Waimakariri A soil, and became non-significant by omitting this soil. 

3.3.2 Sorption/desorption of added Zn 

The amount ofZn sorbed, from an initial addition of 12 Ilg Zn g-I soil, by the soils 

used for this study varied from 3.20 Ilg Zn g-I for the Summit B soil to 11.19 Ilg Zn g-I 

for the Temuka A (Table 3.2). Sorption of Zn was consistently lower in the sub soil 

samples compared with their corresponding surface soils (Table 3.2). Significant 

correlations between the Zn sorbed and some of the physico-chemical properties of 

the soils like organic carbon, CEC, total Zn and Olsen P were observed (Table 3.4). 

The positive relationships with organic C and CEC are understandable, showing that 

the higher the organic C content and CEC of the soil, the greater the amount of Zn 

sorbed by the soil. The studies by Shuman (1975) and Elsokkary (1979) also showed 

that CEC influenced sorption ofZn by soils. Singh and Sekhon (1977) reported that 

the retaining power of clay and organic matter for Zn is predominantly due to their 

CEC. However, it is difficult to explain the relationship with total Zn, although it 

could be due to interrelationship with other properties such as silt and Mn oxides. 

The relationship of Zn sorption with Olsen P was again highly influenced by the 

Waimakariri A soil. 

Table 3.4 Coefficients of correlation (r) between added Zn sorption/desorption 
and some other soil properties 

Organic CEC Mn Total Silt Olsen P 
C Oxides soil Zn 

Znsorbed 0.754" 0.783"· NS 0.663" NS 0.599" 

AddedZn -0.662'· -0.693" -0.574' -0.802'" -0.603" -0.535' 
desorbed (%) 

• p < 0.05, •• P < 0.01, ••• p < 0.001 

Shuman (1988) found a decrease in Zn sorption capacity for all the six soils he studied 

when the organic matter fraction was removed. In the present study, organic matter 



also appears to playa significant role in sorption of Zn by the Canterbury soils. As 

expected desorption of added Zn from the soils resulted in a large increase in the 

amount of Zn des orbed compared with the samples where only native Zn was 

desorbed (Figure 3.2). 
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The cumulative amount of added Zn desorbed varied from 2.22 ~g Zn g-I soil for the 

Temuka A soil to 5.81 ~g Zn g-I soil for the Takahe A soil (Figure 3.3). Of the Zn 

sorbed from an initial application of 12 ~g Zn g-I soil, it was observed that after five 

successive desorptions 19.84 to 93.49 % of the sorbed Zn could be desorbed back into 

the solution (Table 3.2). The added Zn desorbed (%) was higher in sub surface soils 

than in surface soils, except in the Rapaki soil where Zn desorbed from two horizons 

was similar. This could be due to relatively higher organic carbon and CEC of surface 

soil samples compared with the sub surface samples. Overall the added Zn desorbed 

(%) was negatively correlated with organic carbon and CEC (Table 3.4). Added Zn 

desorbed (%) was also correlated significantly (negatively) with Mn oxides, silt, total 

Zn and Olsen P. However, the significant relationships between added Zn desorbed 

(%) and total Zn and Olsen P could again be due to interrelation between properties, 

as described earlier for Zn sorption and native Zn desorption. 
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3.3.3 Regression Analyses 

Simple linear regressions were calculated for these significantly correlated 

relationships between Zn sorption or desorption and individual soil properties (Table 

3.5). These simple regressions explained at best between 48 and 62% of the total 

variation in Zn sorption or desorption between different soils. For cumulative native 

Zn desorbed (expressed as % of DTPA-Zn), 62% of the variation was explained by 

CEC. For Zn sorption, CEC explained 61 % of variation. While in the case of added 

Zn desorbed (%), CEC explained 48% of the variability. CEC appears to be playing 

the most important role in controlling sorption or desorption from the Canterbury 

soils. The importance of CEC on the sorption of Zn by the soils has also previously 

been demonstrated by Kuo and Baker (1980) and Shuman (1975). 

In addition to the soil properties, with which significant correlations were observed in 

the present study, there are other parameters like pH, Fe oxides, Al oxides and clay 

minerals which are also considered to be important in Zn sorption/desorption (Reddy . 

and Perkins, 1974; Kalbasi et al., 1978; Cavallaro and McBride, 1984; Brummer et 

al., 1988; Dang et al., 1994a). Unexpectedly, in the soils we studied, cumulative 

native Zn desorbed, Zn sorbed and added Zn desorbed (%) were not directly 

correlated with any of these properties. 

K~am et al. (1983) found that the pH of equilibrium solutions was more important 

than soil pH for specific Zn sorption by Quebec soils. Significant correlations in our 

study may have been obtained with pH, if the pH of the desorbing solutions rather 

than the pH of the initial soil had been determined. The lack of significant 

correlations between Zn sorbed! desorbed and clay, free Fe and Al oxides could be 

due either to the low amounts of these constituents, and therefore their small 

contribution to the colloidal fraction of the soils, or to the relatively small ranges of 

concentrations of these constituents in the experimental soils (Table 3.1). 

In an attempt to improve predictions of Zn sorption/desorption, multiple regressions 

involving two or more properties were examined. Relatively high values of r2 and low 
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standard errors associated with predicted regression were used as criterion of best fit. 

An exhaustive examination of multiple regressions, selecting properties independent 

of each other (Ott, 1992) predicted regression equations which explained between 85 

to 97 % of the variation in Zn sorption or desorption between the soils (Table 3.5). 

Table 3.5 Regression equations for cumulative native Zn desorption, 

Zn sorption and added Zn desorption (%) from the Canterbury soils 

Predictor 
variable 

Parameter Std error r2 
estimate 

Cumulative native Zn desorbed (as % of DTPA-Extractable Zn) 
Constant 186.815 
Clay -0.793 0.456 

0.938 
0.061 

CEC -5.142'" 
Mn oxides 

Constant 
pH 
CEC 
Mn oxides 

Constant 
pH 
CEC 

-0.215" 

Zn sorbed 
-7.929 
1.825' 0.797 
0.313'" 0.040 
0.016'" 0.003 

Added Zn des orbed (%) 

248.807 
-25.968" 6.388 
-3.421'" 0.286 
-106.745'" 9.986 

0.849'" 19.145 

0.915'" 0.845 

Amor. Ah03 
Clay 0.494" 0.146 0.967'" 5.527 

10 

10 

9 

•••••• Parameters estimates significant at the 0.05, 0.01 and 0.001 probability 
. levels, respectively. 

§ Standard error of estimate. 
Ii Error degrees of freedom. 

The relationship between observed and predicted native Zn desorption, Zn sorption 

and sorbed Zn desorbed back (%) are illustrated in Figure 3.4. In the multiple 

regression developed in predicting cumulative native Zn desorption (expressed as % 

of DTPA-extractable Zn), it was observed that CEC, which itself alone explained 

nearly 62% of variability, along with Mn oxides and clay content managed to explain 

85% of variability between the soils (Table 3.6). In case of Zn sorption 91 % of the 

variability could be explained by the inclusion of Mn oxides and pH together with 

CEC. Shuman (1975) also reported a strong interaction between soil pH and CEC. 
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Table 3.6 The statistical relationships between cumulative native Zn desorb ed, Zn sorbed, added 
Zn desorbed (%) and some properties of soils. 

Dependent variable 

Cumulative native Zn 
des orbed (as % of 
DTPA-extractable Zn) 

Zn sorbed 

Added Zn desorbed 
(%) 

Independent 
variable 

Clay 
Mn oxides 
CEC 

pH 
Mn Oxides 
CEC 

Clay 
pH 
Arnor. AI20 3 

CEC 

Coefficient of determination ( r2) for 
Simple regression Multiple. regression 

0.196 
0.192 
0.621'" 

0.059 
0.268 
0.614'" 

0.001 
0.029 
0.219 
0.480" 

0.849"'''' 
0.803'" 

0.915'" 
0.870'" 

0.967'" 
0.925'" 
0.794'" 

"'The r2 value is for all independent variables below and including the variable on which the r2 is 
recorded. 

• ,. , •• Parameters estimates significant at the 0.05, 0.01 .and 0.001 probability 
levels, respectively. 

Taylor et al. (1995a) found that CEC of soils, together with clay content, pH and 

organic matter play an important role in the sorption of Zn by the soils they studied. 

Stahl and James (1991) reported that CEC was positively correlated with non

exchangeable Zn but not with the exchangeable fraction. In the multiple linear 

regression developed for added Zn desorbed (%), CEC along with amorphous Al 

oxides, pH and clay content explained nearly 97% of variation between soils (Table 

3.6). 

It is always the cumulative effect of soil properties which control sorption/desorption 
"-

of nutrients in soils. Shuman (1988) found that as organic matter increases in soils, 

Zn in Mn and Fe oxide fractions increase at the expenses of Zn in other fractions. In 

our study, cation exchange capacity (CEC), organic matter along with amorphous Al 

oxides, Mn oxides, pH and clay were found to be most important soil properties in the 

determination of Zn sorption/desorption. Dang et ai. (1994a) reported soil pH as the 

major soil parameter responsible for the variation in Zn buffer power and Zn 

desorption capacity. Although we did not get a direct correlation of pH with Zn 

desorption, when included in multiple regression analysis pH helped to improve the 

relationship with Zn sorption and added Zn desorption (Table 3.6). Similarly 

Elrashidi and O'Conner (1982b) could not obtain a direct correlation between Zn 



sorption and soil pH, though using a multiple regression they found that soil pH and 

clay content together could explain 83% of variability. 

3.4 Conclusions 
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The amounts and patterns of native soil Zn desorbed and added Zn desorbed from 14 

Canterbury soils varied between the different soils; greater concentrations of native Zn 

were desorbed from surface soils compared to sub surface soils, and greater amounts 

of added Zn were desorbed by sub soils than their corresponding surface horizons. 

Correlation analysis showed that CEC and organic C were the dominant soil variables 

contributing towards sorption or desorption of Zn. Simple linear regressions 

explained at best between 48 and 62 % of the total variation in Zn sorption or 

desorption from different soils. Cation exchange capacity accounted for most of the 

variation in native Zn desorption, Zn sorption and added Zn desorption from the 

Canterbury soils. Soil pH, clay content, hydrous oxides of Al and Mn oxides were 

also associated with Zn sorption/desorption, though we could not obtain a direct 

correlation with these properties. Multiple regression analysis showed that cumulative 

native Zn desorption (expressed as % ofDTPA-extractable Zn), was strongly related 

to CEC along with Mn oxides and clay content, which in combination explained 85% 

of the variability between soils. In the case of Zn sorption (from 12 Ilg Zn g-l soil 

added), CEC along with the Mn oxides and pH explained 91 % of the variability; 

while for added Zn desorbed (%), CEC along with pH, amorphous Al oxides and clay 

explained nearly 97% of variability in added Zn desorption from the Canterbury soils. 



Chapter 4 

Zinc behaviour in soil as described by sorption
desorption isotherms 

4.1 Introduction 
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The bioavailability of a trace metal ion in the soil is governed by sorption/desorption 

phenomena, which takes place at the soil colloid-soil solution interface (Swift and 

McLaren, 1991). An understanding of the nature of this sorption/desorption 

phenomenon is a prerequisite to any attempt to interpret and predict the chemical 
solw'i 

behaviour of under different conditions. Both sorption and desorption isotherms 

are used extensively to characterise the nature of soil retention phenomena. These 

isotherms provide a convenient visual demonstration of ion retention or release and a 

means of assessing surface retention capacity (Harter, 1991). The most obvious use of 

the isotherms is to compare the relative amounts of adsorbate that soils can retain or 

release under given circumstances. Giles et ai. (1974) distinguished four main types 

of isotherms corresponding to different solute/adsorbent interactions. The isotherm 

shapes also provide information on the strength by which the sorbate is held to the soil 

and an indication of bonding mechanism. 

Sorption/desorption behaviour is strongly dependent on the identity and amounts both 

of the trace element and the sorbent. At any point in time, an extremely small 

proportion of the total Zn content of a soil is present in the soil solution. The 

concentration of Zn in soil solution ranges from 10 to 400 ~g L-1 (Hodgson et ai., 
I 

1965, 1966; Bradford et ai., 1971) and very small percentages of total Zn are present 

in the exchangeable form (Elsokkery, 1979; Haynes and Swift, 1984). Most of the Zn 

in soils occurs on the surfaces of clays, hydrous oxides and organic matter rather than 

in soil solution (Armour et ai., 1990). However, Zn is primarily taken up by plants· 

from the soil solution while the sorbed pool of Zn acts as a buffer against sudden 

changes in solution Zn. Hence the distribution of Zn between the solution phase and 



the solid phase (described by the sorption isotherm) is important, at least over short 

times, in controlling the rate of movement of Zn both to plant roots and in leachate. 
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Several studies have been carried out which examine sorption-desorption isotherms 

for micronutrients by soils and soil components (McKenzie, 1967; Hingston et al., 

1974; Elrashidi and O'Connor, 1982a; McLaren et al., 1983; McLaren et al., 1986; 

Adams et al., 1988). However, desorption studies with Zn are rare. Sorption

desorption isotherms for Zn at the goethite-solution interface have been studied by 

Padmanabham (1983) and at the soil-solution interface by Elrashidi and O'Connor 

(1982b). However, Zn sorbing materials in soil could differ in their behaviour from 

that of pure components (Barrow, 1986c). Some soils of the Canterbury Plains, New 

Zealand are very low in extractable Zn and many are regarded as potentially Zn 

deficient (McLaren et al., 1984). Zinc has often been added to the soils annually as an 

incidental component of superphosphate fertiliser. The bulk of Zn applied to the soil 

is likely to be sorbed by soil constituents. Zinc sorption isotherms for some 

Canterbury soils were studied by Chowdhury (1990). However the equilibrium Zn 

concentrations (25-200 Ilg ml- I
) at which he studied these isotherms are much higher 

than natural soil solution Zn concentrations and it has been shown that sorption / 

desorption of Zn at natural soil solution concentrations is different from its 

sorption/desorption behaviour at higher concentrations (l!endrickson and Corey, 

1981; Garcia-Miragaya et al., 1986). Even the mechanism of Zn sorption/desorption 

could differ between low and high Zn concentrations in soil (Elrashidi and O'Connor, 

1982b). It is therefore important to study Zn sorption or desorption at solution Zn 

concentrations similar to those which occur naturally. 

The length of contact period between applied Zn and the soil or soil constituent can 

have an important influence on the bioavailability of Zn. It has been observed that the 

longer the Zn is allowed to equilibrate following application to a soil, the lesser is the 

ability to desorb Zn from the soil (Kuo and Mikkelson, 1980; Barrow, 1986a). 

Armour et al. (1989) demonstrated in a glasshouse study using an incubation 

technique that the availability to plants of Zn applied to a Zn deficient soil declines 

with increasing time of contact between the soil and the applied Zn. This observed 
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decline in Zn availability has been interpreted as resulting from soil reactions that 

convert a proportion of applied Zn into forms of lower plant availability 

(Padmanabham, 1983; Armour et al. 1989). Such observations have been linked to 

the results of studies that Zn sorption by soil materials occurs in two steps: (I) an. 

initial rapid sorption, followed by (II) a slow continuing reaction between soil material 

~nd Zn (Benjamin and Leckie, 1981; Brummer et al., 1988). Other explanations 

proposed for decreased Zn desorption with time include diffusion of Zn ions within 

soil materials (Barrow, 1986a; Ma and Uren, 1996b) or the redistribution of Zn 

between soil components after an initial sorption, as explained by McLaren et al. 

(1983) for soil Cu. 

In an attempt to further elucidate the behaviour of Zn in Canterbury soils, we 

examined (i) Zn sorption and desorption isotherms at solution Zn concentrations 

similar to those which occur naturally and (ii) the effect of contact time between Zn 

and the soil on subsequent desorption. 

4.2 Materials and Methods 

4.2.1 Soils 

Four surface soils (Lismore, Summit, Temuka and Waimakariri) which differed 

substantially in their Zn des orbing capacity were selected for this study. The soil 

series, soil classification and parent material on which these soils formed were given 

in Table 3.1 and some relevant soil properties are listed in Table 4.1. 

Table 4.1 Soil properties of experimental soils 

Soil Sand Silt Clay 

<------ % -------> 

Dominant 
Clay 
mineral 

CEC 
cmol 
kg·1 

Org. 
C 

(%) 

Fe Oxides 
(%) 

Crys. Arnot 

Al Oxides 
(%) 

Crys. Arnot 

-Us~~;;_-···-·-··80:03-··135--5:5-31:2-S-3.415.3 - Chlorit~7.62 ----3:15·-·0:94-----0.22--0:53--0.-20--

Illite 
Summit 87.55 1.47 5.3 9.6 66.6 23.8 Kaolinite + 10.87 4.28 1.26 0.59 0.89 0.42 

Mica 
Ternuka 97.93 2.71 6.0 4.4 57.4 38.2 mite (46%) 25.30 4.94 0.79 0.38 0.52 0.16 

Waimakariri 124.25 15.98 6.2 25.1 56.9 18.0 Illite (62%) 18.20 5.55 1.15 0.35 0.63 0.18 
Crys. = crystalline. Amor = amorphous 



4.2.2 Zn Sorption Isotherms 

To derive the Zn sorption isotherms, 5.0 g of each soil sample (in duplicate) were 

equilibrated with 30 ml O.IM Ca(N03)2 containing varying concentrations of Zn 
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(0, 1,2,3,4 and 51lg Zn ml- l equivalent to 6, 12, 18, 24 and 30 /lg Zn g-l soil) for 2 
- , . 

h. Equilibrations were carried out in polypropylene tubes on an end-over-end shaker 

at 20° C. The suspensions were then centrifuged for 10 minutes at 10,000 rpm and the 

supernatant was filtered through Whatman No. 42 filter paper. The pH of every 

supernatant solution was measured before filtering. The use of O.OIM Ca(N03)2 as a 

background electrolyte was to simulate an ionic strength that is typical of natural soil 

conditions and minimises non specific sorption. Nitrate was preferred as the 

electrolyte anion over chloride because nitrate is less likely to form complexes with 

Zn (Sillen and Martell, 1971; Boekhold et aI., 1993). Nitrate is also less likely than 

chloride to cause interference in the determination of Zn by atomic absorption 

spectrophotometry . 

4.2.3 Zn Desorption Isotherms 

To derive Zn desorption isotherms, the same soil samples (after the specific sorption 
~-f .. u 

of Zn) were suspended in fresh 30 ml~O.OIM Ca(N03)2 and Zn was desorbed from the 

soil solid phase into the soil solution by shaking for 2 h. This desorption period was 

selected as the result of a preliminary study that showed little change in the amount of 

Zn desorbed from soil after the first 2 h of equilibration. The suspensions were 

centrifuged and filtered through Whatman No. 42 filter paper. As for sorption, pH of 

the supernatants was measured before filtration. The desorption process was repeated 

ten times. The Zn concentrations in the supernatant solutions were determined by 

flame atomic absorption spectrophotometry. Corrections were made for Zn entrained 

in solution from the previous desorption by weighing the tubes, containing soil and 

Ca(N03h solution, before and after decanting the supernatant solution. Cumulative 

Zn desorption was calculated from the corrected Zn concentrations in successive 

equilibration solutions. 
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4.2.4 Effect of contact period on desorption of added Zn 

The effect of length of contact period on subsequent desorption of added Zn (6 ~g g-I 

soil) was determined in an incubation experiment (25 DC, 75% field capacity) with 

250 g air dried samples (in duplicate) of each of Lismore, Summit, Temuka and 

Waimakariri soils. The experiment was carried out in plastic containers with a hole in 

every lid, to make it an aerobic incubation. Sub samples were taken after I, 7, 30 and 

90 days of contact of Zn with the soil. The soil moisture was maintained at 75% field 

capacity before and after taking the sub samples. For comparison purpose, all the four 

soils were also incubated without added Zn under the same conditions for periods of 

I, 7, 30, and 90 days. The Zn desorption was determined as described above. 

4.3 Results and Discussion 

4.3.1 Preliminary Studies 

4.3.1.1 Equilibration time 

The amount of native Zn desorbed after different shaking time periods with O.OIM 

Ca(N03h from three of the four experimental soils (Lismore, Temuka and 

Waimakariri) are presented in Table 4.2. The results indicated that a quasi-stationary 

state was achieved within half an hour of shaking in all the three soils, but in order to 

give sufficient time to ensure equilibrium for the system, a 2 h shaking time was 

adopted for all the desorption studies. The desorption of Zn from soil solid phase 

appears to be rapid in the beginning and generally took place within a few minutes. 

Table 4.2 Effect of shaking time on O.OlM Ca(N03h extractable Zn 

Soil Zn desorbed (f.1g g.1 soil) after 
0.5 h 2h 4h 16 h 48 h 

Lismore 0.44 0.42 0.46 0.42 0.46 
Temuka 0.13 0.12 0.12 0.11 0.12 
Waimakariri 0.64 0.65 0.63 0.60 0.68 
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4.3.1.2 Desorption Period 

The cumulative amount of native Zn desorbed from each of three soils after 20 

successive desorptions is shown in Figure 4.1. By the 20th desorption, the amount of 
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Figure 4.1 Cumulative desorption of native Zn from soils 

native Zn desorbed by Ca(N03)2 was negligible for the Summit and Temuka soils, 

whereas in the Waimakariri soil a significant amount of Zn was still desorbing even 

after twenty equilibrations. The first five desorptions removed 50-60% and the first 

ten desorptions removed 70-80% of the Zn eventually desorbed by 20 desorptions 

from the Lismore, and Temuka soils. Since the last ten desorptions contributed only 

20-30% of the total Zn desorbed, a total of 10 desorption periods was selected for the 

main study. 
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4.3.2 Sorption/desorption of added and native soil Zn 

At low Zn concentrations, only specific sorption of Zn occurs (Elrashidi and 

O'Connor, 1982b). In this study, Zn was sorbed by the soils in the presence of the 

excess of calcium ions in the solution to ensure that specific sorption of Zn had taken 

place. From an initial application of varying concentrations (6, 12, 18,24 and 30 Ilg 

Zn g-! soil), the amounts of Zn sorbed by the Lismore, Summit, Temuka and 

Waimakariri soils are shown in Table 4.3. With the increase in added Zn 

concentration, Zn sorbed by each of the four soils increased. The increase in Zn 

sorption by the soils also resulted in a decrease in soil solution pH (Table 4.4). 

Table 4.3 Zn sorbed by the soils 

Soil Zn sorbed (flg Zn g.t) after an initial application equivalent to 

6 flg Zn g.t 12 flg Zn g.t 18 flg Zn g.l 24 flg Zn g.t 30 flg Zn g.t 

Lismore 3.28 6.26 8.96 10.93 12.94 

Summit 4.33 8.36 12.12 15.58 18.96 

Temuka 5.54 11.11 16.62 21.83 27.01 

Waimakariri 4.90 10.23 15.46 20.60 25.40 

Table 4.4 pH of eqUilibrium solutions containing different initial concentrations of Zn 

soil pH of equilibrium solutions containing added Zn (/lg mrl) 
o mrl 1 mrl 2 mrl 3 mrl 4 mrl 5 mrl . __ ". __ ._. __ .. _. ____ .... __ ~..8" .. __ .. __ .. _J:!:.g._ ... " .. _ .. _____ .. jl..8" .. __ . ____ .. __ "H:8 ___ . __ ... ___ .. _~g. ___ .... ___ HB .. __ . ___ __ 

Lismore 4.3 4.3 4.0 3.9 3.7 3.4 
Summit 4.3 4.3 4.2 4.1 4.0 4.0 
Temuka 5.1 5.0 4.9 4.8 4.6 4.4 
Waimakariri 5.0 5.0 4.8 4.8 4.6 4.3 

Szymura et ai. (1993) found a decrease in pH by 1.35 units with specific sorption of 

Zn from solution containing from 150 to 1530 mmole Zn dm-3
• The observation that 

Zn sorption was accompanied by a decrease in pH agrees also with the results of other 

studies such as those of Bar-Yosef (1979), Padmanabham (1983), Barrow (1986b) and 

Brummer et al. (1988). Barrow (1986b) has explained the decrease in pH as partly due 
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to hydrolysis of Zn2+ to give ZnOH+ and H+ and partly due to re-adjustment of charge 

on the soil colloid surfaces as ZnOH+ions are sorbed. Subsequent desorptions of 

added Zn from the soils showed an increase in the amount of Zn desorbed with the 

increase in concentration of Zn added (Table 4.5). 

Table 4.5 Desorption of sorbed Zn from the soils· 

Soil Zn desorbed (Jig Zn got) after 10 desorptions from 

6 Jig Zn g-t 12 Jig Zn g.t 18 Jig Zn g-t 24 Jig Zn g.t 30 Jig Zn g-t 

Lismore 2.87 5.66 8.31 10.43 12.15 
(87.5 %t' (9004 %) (92.7 %) (95.4 %) (93.9 %) 

Summit 3.50 6.70 9.79 13.24 16.55 
(80.8 %) (80.1 %) (80.8 %) (85.0 %) (87.3 %) 

Temuka 1.77 3.36 6.27 9.40 12.57 
(31.9 %) (30.2 %) (37.7 %) (43.0 %) (46.5 %) 

Waimakariri 2.00 4.82 7.89 11.72 15.33 
(40.8 %) (47.1 %) (51.0 %) (56.9 %) (60.3 %) 

* Corrected for desorption of native soil Zn 

'I' Figures in parenthesis denotes" (Zn desorbed / Zn sorbed) x 100" 

In the four soils studied, the cumulative amount of Zn desorbed over ten desorption 

periods increased with the increase in the number of successive desorptions 

irrespective of the concentration of Zn added to the soils (Figure 4.2). The amounts 

and patterns of desorption of native and added Zn differed between the soils. The 

cumulative amounts of native Zn desorbed after 10 desorption periods from the 

Lismore, Summit, Temuka and Waimakariri soils were 1.97, 1.90, 1.33 and 5.111lg 

Zn g-l soil respectively. However, added Zn desorbed (%) from these soils after 10 

desorption periods decreased in the following order: 

Lismore> Summit> Waimakariri > Temuka (Table 4.5) 

The pattern of release of Zn was markedly different in these four soils which indicates 

their different capacity to continue supplying Zn to the soil solution. The pattern of 

cumulative Zn desorption for the Lismore and Summit soils show a steeper curve 

which indicates quicker Zn desorption as compared with that of the Temuka and 
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Waimakariri soils where Zn is desorbed from the soil more slowly. However, the 

Waimakariri soil behaved very differently compared with the other soils. This is 

shown iIi Figure 4.2, where the cumulative added Zn desorbed after sorption from 

solutions containing Zn concentrations up to 12 Ilg g-I soil remains smaller than the 

cumulative native Zn desorbed. This could be due to extremely high concentration of 

native Zn desorption from the Waimakariri soil, which contributes a bigger proportion 

in the native + added Zn desorption. After deducting the native Zn desorbed, the 

added Zn desorbed remains smaller than native Zn desorbed. This is also noticeable 

from Table 4.1 where the DTPA-extractable Zn in the Lismore, Summit and Temuka 

soils is much smaller than the lowest concentration of added Zn (6 Ilg Zn g-I soil) 

while in the Waimakariri soil, DTPA-extractable Zn is higher than the first two 

concentrations of added Zn. 

Although, after twenty desorption periods, the Waimakariri soil desorbed more native 

Zn than the Lismore and Summit soils (Figure 4.1), the retention capacity for added 

Zn of the Waimakariri soil was greater than those of the Lismore and Summit soils 

(Table 4.3). Differences between soils in the amount and pattern of desorption are 

likely to be attributed to (i) the total amount of labile sorbed Zn in the soil; (ii) types, 

quantities and relative proportions of the soil components present in the soil by which 

the Zn is retained and (iii) other soil properties such pH and CEC (see Chapter 3). 

4.3.3 Zinc sorption and desorption isotherms 

In the Lismore soil, it was observed that Zn could be desorbed back into the soil 

solution readily (Figure 4.3). Desorption of the added Zn was reversible and most of 

the added Zn could be recovered after 10 washings, irrespective of the amount of Zn 

added (Table 4.5). Zinc desorption appears to closely follow the original sorption 

isotherm irrespective of the concentration of Zn added to the soil suggesting that in 

the Lismore soil, desorption reactions could be described by the sorption isotherm 

(Figure 4.3). It is important to point out that the Zn desorption isotherms in Figure 4.3 

include both native and added Zn. However, after ten successive desorptions, 87.4 to 
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95.4 % of the sorbed Zn was des orbed back into the solution (Table 4.5). The first 

desorption alone contributed 30.3 to 43.2 % of the recently sorbed Zn. The point to 

note is that the greater the amount of Zn sorbed, the higher the proportion that was 

desorbed after ten washings (Table 4.5). This appeared to be mainly due to 

differences during the first desorption period (Table 4.6). After that, each desorption 

contributed similar proportions of sorbed Zn, irrespective of amount of Zn added to 

the soil. The Lismore soil had a lower organic carbon content and a higher percentage 

of sand than the other soils, which produces a low surface area leading to low Zn 

sorption and rapid desorption. Hence the Lismore soil has a very limited capacity to 

retain or buffer the effects of added Zn. 

Table 4.6 Sorbed Zn des orbed (%) from the Lismore soil 

Znadded % of sorbed Zn desorbed after 
(Ilg g"l soil) W~~~W~~~~~~~~~~~~~~~ 

6 30.32 21.36 10.56 9.04 4.60 4.29 1.63 2.20 1.22 

12 35.59 20.06 12.46 6.96 4.61 4.33 2.28 1.74 1.31 

18 38.01 20.96 12.55 7.65 4.00 3.88 2.76 1.54 1.13 

24 41.50 21.45 11.51 7.09 4.02 3.53 2.58 1.33 1.35 
• 

30 43.19 20.70 10.80 6.92 3.83 3.17 2.26 1.08 1.30 

In the Summit soil, it was observed that desorption of the added Zn was reversible 

(Figure 4.4), although Zn did not desorb from the soil solid phase as readily as in the 

Lismore soil. Once again, Zn desorption closely followed the sorption isotherm 

irrespective of the concentration of Zn added (Figure 4.4). After ten successive 

desorptions, 80.1 to 87.3 % of the sorbed Zn was desorbed back into the solution 

(Table 4.5). However, the first desorption removed only 18.7 to 27.1 % of recently 

sorbed Zn from the soil solid phase. The greater the amount of Zn added, the higher 

the proportion of Zn that was desorbed particularly in the first two desorptions (Table 

4.7). Hence the capacity to retain or buffer the effects of added Zn appears to be 

greater in the Summit soil than the Lismore soil. The higher Fe and Al oxides in the 

Summit silt loam soil as compared to other soils studied (Table 4.1) is likely to be the 

main factor influencing Zn sorption and desorption. The greater organic matter 
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content of the Summit soil (4.3 % cf. 3.15 % in the Lismore) and the clay mineralogy 

(dominantly kaolinite and mica) would also have contributed to the higher Zn 

sorption in the Summit soil. 

Table 4.7 Sorbed Zn desorbed (%) from the Summit soil 

Zn added % of sorbed Zn desorbed after 
(/lg gO] soil) 1st Des. 2nd Des. 3rd Des. 4th Des. 5th Des. 6th Des. 7th Des. 8th Des. 9th Des. 10th Des. 

6 18.76 14.83 9.58 9.19 8.43 4.85 5.90 5.05 2.30 

12 22.10 14.99 12.34 7.88 6.14 5.10 3.55 4.10 2.84 

18 23.65 15.81 11.15 8.27 6.36 5.58 2.51 3.27 2.69 

24 25.90 17.09 11.99 8.74 5.71 4.78 2.78 3.06 3.04 

30 27.09 17.75 11.50 8.85 5.87 5.14 3.31 3.05 2.90 

In the Temuka soil, it was observed that Zn desorption was found to be only partially 

reversible (Figure 4.5). Zn was not· . so readily desorbed back into the soil solution 

and there appears to be a considerable hysteresis effect in the desorption of recently 

sorbed Zn (Figure 4.5). The poor reversibility of sorbed Zn suggests that the reactions 

involved in the sorption processes are either irreversible, very slowly reversible, 

requires a high activation energy for desorption or involves a combination of all three. 

The slow reversibility of sorbed Zn could be due to the presence of a higher amount of 

clay and the higher CEC of the Temuka soil compared to the other soils (Elrashidi and 

O'Connor, 1982b). Also since desorption was commenced immediately after the Zn 

was sorbed, irreversibility of Zn could have been due to a lack of equilibrium during 

the sorption phase, so that both slow forward and rapid reverse reactions may have 

occurred during desorption The irreversibility of sorbed Zn could also have been due 

either to Zn diffusion into the component structures and formation of complexes with 

particular functional groups (Barrow, 1986a; Brummer et al. 1988) or solid state 

diffusion ofZn into adsorbing material (Van Riemsdijk and Van der Zee, 1991). 

After ten successive washings with O.OIM Ca(N03)2, only 30.2 to 46.5 % of the 

sorbed Zn was desorbed back into the solution (Table 4.5). The first desorption 

removed only 5.4 to 7.2 % of recently sorbed Zn into the soil solution (Table 4.8). 
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Table 4.8 Sorbed Zn desorbed (%) from the Temuka soil 

Znadded % of sorbed Zn desorbed after 
(/lg g -I soil) 1st Des. 2nd Des. 3rd Des. 4th Des. 5th Des. 6th Des. 7th Des. 8th Des. 9th Des. 10th Des 

6 5.45 4.26 4.25 3.72 3.07 3.05 2.49 2.09 1.63 

12 6.05 4.54 3.80 3.57 2.67 2.89 2.32 1.92 1.38 

18 5.35 5.19 4.81 4.57 3.54 3.53 2.93 2.69 2.13 

24 6.49 5.19 5.22 5.01 4.94 3.75 2.83 3.11 2.92 

30 7.18 6.54 5.90 5.36 4.96 4.16 3.29 3.32 2.77 

The Temuka soil has a very good capacity to retain or buffer the effects of added Zn. 

Elrashidi and O'Connor (1982b) observed that desorption of sorbed Zn from nine 

soils by O.OIN CaCh was extremely hysteric after five desorption periods and only the 

soils with low CEC exhibited a measurable Zn desorption. Padmanabham (1983b) 

explained the hysteresis for desorption of specifically sorbed Zn2
+ on goethite in 

terms of two distinct sorption sites on the oxide surface giving rise to 'readily 

desorbed' and 'less readily desorbed' fractions. 

In the case of the Waimakariri soil, native soil Zn was desorbed back into the soil 

solution readily (Figure 4.1). Zn desorption appears to closely follow the sorption 

isotherm irrespective of the concentration of Zn added to the soil (Figure 4.6). As 

mentioned earlier, Zn desorption isotherms in Figure 4.6 included both native and 

added Zn. Since substantial amounts (40-60 %) of applied Zn were retained by the 

soil (Table 4.5), the Zn desorption isotherms include large contribution from native 

soH Zn. Similar to the other soils, the higher the concentration of Zn applied to the 

soil, the greater the proportion that was desorbed back after 10 washings. Where 6 Ilg 

Zn g-l soil was added, after ten desorptions nearly 40.8 % of the sorbed Zn was 

recovered. However as the concentration of added Zn increased to 30 Ilg g-t soil, the 

percentage desorption increased to 60.3 %. The first desorption removed 8.0 to 9.7 % 

of the recently sorbed Zn back into the soil solution (Table 4.9). It is interesting to 

note that although native Zn appears to desorb from the Waimakariri soil relatively 

easily, a large proportion of added Zn is retained after 10 desorptions. The reason for 

that could be due to high amount of organic matter present in this soil (Table 4.1) 

from which Zn may be desorbed readily, while illite (2:1 layer silicate), the dominant 

clay mineral in the Waimakariri soil, may have contributed to the stronger sorption of 
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added Zn. The slow desorption of added Zn could also be because of lack of 

equilibrium during the sorption period, so that both slow forward and rapid reverse 

reactions occurred during desorption. 

Table 4.9 Sorbed Zn desorbed (%) from the Waimakariri soil 

Zn added % of sorbed Zn desorbed after 
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(J.lg g-l soil) 1st Des. 2nd Des. 3rd Des. 4th Des. 5th Des. 6th Des. 7th Des. 8th Des. 9th Des. 10th Des 

6 7.97 6.08 3.35 3.29 3.84 3.76 3.25 3.13 3.09 3.18 

12 8.04 6.43 5.43 4.29 4.50 3.82 3.77 3.87 3.64 3.36 

18 8.63 7.09 6.06 5.34 4.99 4.81 4.14 3.41 3.32 3.25 

24 8.98 7.86 7.13 6.93 5.24 5.06 4.36 4.31 3.50 3.55 

30 9.69 8.80 7.32 6.98 5.61 5.35 4.87 4.28 3.70 3.73 

When Zn desorption isotherms were compared with the corresponding sorption 

isotherms of the four soils, two types of Zn desorption reactions were observed. In the 

first type, the new equilibrium established between adsorbed and soluble Zn for the 

ten desorption steps coincided with the sorption isotherm, suggesting that Zn sorption 

was reversible. In the second type, desorption points deviated from the corresponding 

sorption isotherm (hysteretic desorption). Clay minerals, hydrous oxides of iron and 

aluminium and soils organic matter are believed to play an important role in the 

fixation of native and added soil Zn (Reddy and Perkins, 1974; Kalbasi et ai., 1978). 

Zinc tends to be associated more with iron oxides than manganese oxides (Shuman, 

1985; Armour et ai., 1990). Zyrin et ai.(1976), reported Zn in soils is associated 

mai"nly with hydrous Fe and Al oxides (14 to 38 % of total Zn) and with clay minerals 

(24-63 %), while its readily mobile fraction and its organic complexes make, 

respectively, 1 to 20 and 1.5 to 2.3 %. Abd-Elfattah and Wada (1981) found the 

highest selective sorption of Zn by Fe oxides, halloysite followed by allophane and 

imogolite and lowest by montmorillonite. However, we were not able to obtain a 

significant correlation of Fe oxides with sorption of desorption of Zn from our 

experimental soils (see Chapter 3). The higher Zn sorption for the Temuka and 

Waimakariri soils compared with the Lismore and Summit soils could be due to the 

presence of illite which is predominant clay mineral in these soils and hence has a 

considerab~e influence on Zn sorption and desorption. Swift and McLaren (1991) 

suggested that there could be a second process occurring that of the solid state 
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diffusion of the micronutrients into the sorbing materials. However, they further 

suggested that solid-state diffusion reactions would be more likely to occur with 

oxides than with clay and least with organic matter. The ease of Zn desorption also 

depends on the type of colloid by which it is sorbed. Soil texture directly or indirectly 

influences sorption/desorption behaviour by determining soil surface area and 

providing sorption sites. Since soil is a complex system, more than one factor could 

be influencing the sorption/desorption capacity of a particular soil. 

4.3.4 Effect of length of contact time of Zn with soil on subsequent desorption 

Figure 4.7 shows the effect of length of contact period, from 1 day to 90 days, of 

applied Zn with soil on the cumulative Zn desorbed from the Lismore, Summit, 

Temuka and Waimakariri soils. The amount of applied Zn desorbed from the 

Lismore, Summit and Temuka soils decreased with increasing length of contact 

period. The longer the contact period that elapsed before desorption started, the less 

complete the desorption that was achieved. Armour et al. (1989) found incubation of . 

applied Zn with the soil decreased the availability of Zn to Navy beans. Ma and Uren 

(1996a), found a decrease in extractability (EDT A) of recently added Zn with 

incubation time and explained the decrease by the diffusion of Zn cations into 

micropores in soils. Phogat et al. (1994) also found that the recovery of Zn in water 

soluble + exchangeable (WE), organically complexed (OM) and crystalline FeO

bound fractions (CFeOX) decreased with a concomitant increase in MnO-bound 

(MnOX) and amorphous FeO bound (AFeOX) fractions with time of incubation. 

In the current study, the order of reduction in added Zn desorption was Summit> 

Temuka ::::: Lismore. The extent and rate of decline of applied Zn recovery in soils 

with time depends on the type of sorbing surface (Armour et al., 1989), pH and 

application rate of Zn (Padmanabham, 1983). In the Summit soil, 90 days of contact 

of added Zn with the soil produced a 36.5 % reduction in the amount of cumulative 

Zn desorbed (ten washings) compared with the cumulative Zn desorbed after 1 day's 

contact. The reason for the larger decrease in Zn desorption with time in the Summit 

soil as compared with the other soils may be the higher amount of oxides (both Al and 

Fe oxides) in the Summit soil. Substantial proportions of the trace metals sorbed by 
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oxides cannot be desorbed back into solution (McLaren et ai., 1983, 1986; 

Padmanabham, 1983). In the Lismore and Temuka soils the corresponding reduction 

was nearly 20 % in each case. Unlike the other three soils, in the case of the 

Waimakariri soil there was no particular trend of increase or decrease in Zn desorption 

with increasing contact time of added Zn with the soil. This could be due to the 

relatively high Zn concentration in the Waimakariri soil (Table 4.1), possibly resulting 

from contamination of Zn in this particular sample, which may have masked any time 

dependent reactions. 

It is interesting to note that even in the control Summit, Lismore and Temuka soil 

samples, 90 days incubation of the soils yielded a 27 %, 23 % and 13 % reduction in 

the amount of cumulative native Zn desorbed (ten washings) compared with their 

respective cumulative Zn desorbed after 1 day contact (Figure 4.8). It might be 

thought that native soil Zn would be at an equilibrated state, and continuing reactions 

with soil components are unlikely. However, Zn will be continually cycled in the soil 

through decaying organic materials and, through eventual mineralisation, a pool of Zn . 

ions will be maintained that has not had the opportunity / time to react irreversibly 

with the soil. Interruption of nutrient cycling (by sampling the soil) will stop the 

supply of Zn from this source and Zn already present in soluble or sorbed forms will 

gradually be subject to the slow reactions discussed above. Hogg et ai. (1993) while 

working with the Lismore and Temuka soils found a much greater decline in the 

amount of applied and native Cu desorbed with increasing contact time from 4 to 12 

weeks. However they equilibrated the soils by shaking with Ca(N03)2 solution for 

different periods of time instead of incubating the soils. Reactions in field moist soil 

(as in the current study) are likely to take place at a slower rate because of poorer 

contact between solution and soil surfaces. In suspensions of sorbent materials, 

sorption of metals ~enerally seems to be rapid, taking place within a few minutes or 

hours (Cavallaro and McBride, 1978; Ghanem and Mikkelsen, 1988). When diffusion 

into mineral lattices or soil pastes occurs, however, the attainment of equilibrium may 

take longer (Bar-Yosef et ai., 1975; Barrow, 1986a). Barrow (1986a) proposed that 

the decrease in native soil Zn with time means that native soil Zn might not be in an 

equilibrium state and there are continuing slow reactions going on between Zn and 

soil components. Evidence that slow reactions between metal ion and soil also occur 
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in field-moist soils have also been obtained by Williams and McLaren (1982). These 

slow reactions could also be due to movement of Zn ions from low energy sites to the 

higher energy sites with time as suggested by Lehmann and Harter (1984) for soil Cu. 

Kuo and Mikkelson (1980) also found a decrease in amount of Zn desorbed by DTP A 

with increasing ageing time and suggested that increase in bonding strength of sorbed 

Zn with time could be the possible reason for reduction in Zn desorption. However, 

Ainsworth et ai., (1994) suggested that the ionic radii of the metal ion (Me2+) is linked 

to the rate at which the Me2+ can become non-desorbable. Evidence for the 

importance of size of the sorbing Zn cation on its ability to desorb was also noticed in 

the existence of a time trend in the sorption-desorption behaviour of Zn 

(Padmanabham, 1983b). Brummer et ai. (1988) and Barrow (1986a) explained the 

increase in sorption of Zn with increase in reaction time by solid state diffusion of Zn 

from external surfaces to internal binding sites that are less accessible for equilibrium 

with the soil solution but McBride (1991) pointed out that such reactions would be 

extremely slow indeed. 

4.4 Conclusions 

The amounts and patterns of Zn sorbed, native soil Zn desorbed and added Zn 

desorbed varied between the four soils (Lismore, Summit, Temuka and Waimakariri) 

studied. The Temuka soil, which has a high clay content and a high CEC, sorbed 

more than 90 % of added Zn at all the initial added Zn concentrations. While the 

Lismore soil, which has a low clay content and a low CEC, was able to sorb only 43 

to 55 % of added Zn. Desorption of Zn was found to be reversible in the Lismore, 

Summit and Waimakariri soils and only partially reversible in the Temuka soil. 

Partial reversibility could be due to the presence of a high clay content and organic 

matter and the type of clay mineral (illite) present in the Temuka soil. Desorption of 

Zn closely followed the original sorption isotherm for the Lismore, Summit and 

Waimakariri soils but notfor the Temuka soil where desorption showed hysteresis. In 

the case of the Lismore soil, Zn could be completely desorbed in a short time after 

application, while for the soils like the Temuka and Waimakariri, with higher organic 

carbon and higher clay content, Zn could be retained for longer. In these soils this 
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may be important in the long term maintenance of available Zn for plant uptake. In all 

the four soils, the percent Zn desorption increased with the initial added Zn 

concentration. The longer the period of contact time of Zn with soil, the lower the Zn 

desorption from the Lismore, Summit and Temuka soils. There was no particular 

trend of increase or decrease in Zn desorption with increasing contact time of native or 

added Zn with soil in the Waimakariri soil. 

Sorption/desorption isotherms are often used to indicate the replenishing ability of a 

soil to supply micronutrients to the soil solution, which is an important factor in the 

micronutrient supplying capacity of a soil to plants. The ease with which Zn can 

desorb into soil solution is of major importance to the long term availability of Zn. 

Plants obtain most of their applied Zn from fertilizer contaminants as it is not 

generally applied as a fertilizer in New Zealand. Nevertheless any source of Zn added 

to soil will be involved with sorption and desorption processes that govern the 

maintenance of an equilibrium between Zn concentrations in the soil solution and on 

the soil solid phase. Generally, the amount and proportion of soil components (i.e. Fe· 

and Al oxides, organic matter and layer silicate clay minerals) are likely to be of major 

importance in controlling the sorption or desorption process of Zn from the soils. 
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Chapter 5 

Effect of pH on sorption-desorption of Zn in soils 

5.1 Introduction 

Specific sorption or desorption of Zn by soil colloids is the main mechanism affecting 

the retention or release of Zn (Tiller et al., 1984a). This mechanism is known to be 

strongly pH dependent (Harter, 1983; Bar-Tal et al., 1988; Stahl and James, 1991; 

Dang et al., 1994a) and hence cannot be represented by a single sorption or desorption 

constant but should be described by the sorption or desorption isothenns obtained at 

various pH values (Msaky and Calvet, 1990). The soil pH influences not only the 

amount of Zn sorbed but also the shape of sorption isothenn (Barrow et al., 1981; 

Harter, 1983; Barrow 1986b; Msaky and Calvet, 1990). In general, the slope ofZn 

sorption isotherms at identical equilibrium solution Zn concentrations increases as pH 

increases, which in turn reflects an increase in surface affinity for Zn. However, the 

way in which soil pH influences the desorption of native and added soil Zn is not very 

well understood. 

Sorption or desorption of trace metals by soils occurs predominantly via surfaces that 

are negatively charged, such as organic matter, clay and Fe and Al hydrous oxides. 

The major sorptive surface differs between soils and varies with pH for a particular 

soil (Mann and Ritchie, 1993). In theory, soils with high clay, organic matter, Fe and 

Al contents and CEC have more available reactive sites or variable charges and are 

expected to have more sites capable of specifically sorbing Zn. Zinc solubility in soils 

high in organic matter decreases with increasing pH, which could be accounted for by 

generation of pH dependent charge sites on organic matter or clays (Bache, 1976). 

Zinc sorption by oxides and hydroxides show a strong dependence on pH (Kalbasi et 

al., 1978). Thus pH would be expected to have a strong effect on Zn sorption and 

presumably also on Zn desorption. In an acid soil clay, over the pH range of 5 to 7, 

the oxide fraction most strongly controlled Zn fixation and solubility and 32-95 % of 

the Zn sorbed was not exchangeable with repeated O.05M CaCh washes, depending 
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on the pH of the equilibrium solutions (Cavallaro and McBride, 1984). Harter (1983) 

explained sorption differences between soils on the basis of organic matter content, as 

this constituent may be a particularly important source of pH dependent retention. It 

has been calculated that for every 1 % loss of organic C, there is an associated loss of 

2.97 cmol (+) kg soil-1 of negative charge (Chan et al., 1992). 

Soil pH plays a predominant role in the partitioning of Zn between solid and liquid 

phases. The pH-pZn2
+ relationship observed by Fotovat et al. (1996) suggests that 

solubility of Zn in soil is directly related to pH, irrespective of the total Zn 

concentration in the soil. Jeffery and Uren (1983) found a 100 fold increase in the 

total soil solution Zn concentration as the pH decreased from 7.5 to 4.4. The pH 

dependent surface charge tends to shift to less negative values at lower pH resulting in 

less Zn sorption (Tiller et al., 1984b). Increasing pH tends to increase the number of 

exchange and specific sorption sites (Mann and Ritchie, 1993), causing more Zn 

sorption. Specific retention of Zn by variable charge materials is always accompanied 

by a decrease in pH, i.e. protons are released (Barrow, 1986b; Szymura et al., 1993) .. 

Reduction of Zn solubility based upon solution concentrations in the soil has been 

shown to be about thirty fold for every unit of pH increase in the pH range of 5-7 

(McBride and Blasiak, 1979). Sorption ofZn is not only pH dependent but also 

depends on the concentration of Zn in the soil solution (Brummer et al., 1988). When 

me~al ions, such as Zn, react with soil or soil constituents, the amount retained 

generally increases as the solution concentration of Zn increases. Nevertheless 

saturation of sites that sorb Zn strongly can occur and may lead to further added Zn 

being less strongly sorbed and hence more readily available for release into the soil 

solution. 

Little is known about the effect of pH on native soil Zn desorption or on the 

desorption of applied Zn at relatively low concentrations. Also most of the previous 

studies which looked at effect of pH on sorption I desorption of Zn from soils were 

carried out by adjusting the pH of the soil suspensions rather than incubating the soils 

by adding varying amounts of lime or dilute acid. The latter appears to be closer to 



natural field conditions. In Chapter 4, Zn sorption and desorption isotherms were 

studied using soils at their natural soil pH. The objective of present study was to 

evaluate the effect of changing soil pH on native and applied Zn from the same four 

soils. 

5.2 Materials and Methods 

5.2.1 Soils 
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Four surface soils (Lismore, Summit, Temuka and Waimakariri) which differed 

substantially in their Zn des orbing capacity were selected to determine the effect of 

pH on desorption of native and added soil Zn. The soil series, soil classification and 

parent material on which these soils formed are given in Table 2.1 and some relevant 

soil properties are listed in Table 4.1. 

5.2.2 Adjustment of soil pH 

Samples (600 g) of each soil, in duplicate, were weighed into plastic containers. The' 

pH of each soil was adjusted to different values (approximately 4.3, 5.4 and 6.5) by 

adding different concentrations of HCI and Ca(OHh in a volume equivalent to 75% of 

field capacity of each soil and then incubating the soil samples at 25°C until the pH of 

these samples become constant. The concentrations of HCI and Ca(OH)2 required 

were calculated from preliminary equilibration curves calculated for each individual 

soil. The pH of these samples was measured as described in Chapter 2. The moisture 

content of the incubated samples was maintained to 75 % of field capacity throughout 

the incubation period. Sub-samples (approximately 20 g) were initially taken after 

one month and then after every 15 days. After the incubation, the soils were air dried 

and passed through 2 mm sieve, before using these for Zn sorption and desorption 

studies. 

5.2.3 Zinc sorption and desorption isotherms 

Zinc sorption and desorption isotherms were obtained at all pH levels as described in 

Chapter 4. The initial concentrations of Zn in the sorbing solutions used were 1, 2, 4 

and 5 jJg Zn mr! equivalent to 6, 12,24 and 30 jJg Zn got soil. 
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5.2.4 Zinc Analysis 

Zinc in all the extracts was analysed by flame atomic absorption spectrophotometer on 

a Philip's atomic absorption spectrophotometer (Chapter 2). 

5.3 Results and discussion 

5.3.1 Effect of pH on sorption of added Zn by the soil 

In all the four soils (Lismore, Summit, Temuka and Waimakariri), as the pH increased 

from 4.3 to 6.5 or more, there was a shift toward high affinity Zn sorption irrespective 

of the initial solution Zn concentration. Zinc sorption isotherms for these soils at 

different pH levels are presented in Figure 5.1. As expected, adjusting the pH of these 

soils has a major impact on their ability to retain Zn. The sorption isotherms for all 

the four soils are relatively curved at lower pH and tend towards a sorption plateau, 

while at higher pH, soils would be expected to show a further increase in sorption. 

The reason for that could be change in sorption mechanism from non-specific to 

specific with increasing pH from 4.3 to 6.5 as explained by Jeffery and Uren (1983). 

Giles et al. (1974) classified solute sorption isotherms into four main types namely S, 

L, Hand C curves corresponding to different solute/sorbent interactions (Figure 5.2) 

The isotherm shapes also provide information on the strength by which the sorbate is 

held to the soil and an indication of bonding mechanism. 'L' type curves correspond 

to a .great affinity between the metallic cation and the sorbent surface which favours 

specific sorption; 'H' type curves are indicative of stronger sorbate-substrate attractive 

forces or high affinity; oS' type curve occurs when activation energy for desorption of 

solute is concentration dependent and/or is markedly reduced by competition with a 

second solute; 'C' type (linear) curves correspond to sorbent surfaces whose sorption 

energies are of the same magnitUde as the hydration energy of the cations. 

Based on this classification, in our study, simple isotherms of 'L' or 'H' type were 

observed; apart from the Waimakariri soil at pH 4.3 where the isotherm appears to be 

of the 'C' type (Figure 5.1). Harter (1983) also observed an increase in Zn sorption 
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with increase in pH of the soil. The increase in Zn sorption with an increase in the pH 

of the soil could be due to an increase in pH dependent negative sites on the soil 

components involved in the sorption of Zn. Pardo and Guadalix (-1996) found that, in 

the pH range 3 to 6, with every 0.5 increase in pH there was an increase in negative 

charge of 6.9 and 7.7 mmolc kg"! in two soils while in the pH range 6-7 it was 20.0 

and 20.8 mmolc kg"I. Msaky and Calvet (1990) discussed sorbed amount / pH curves 

from two points of view, the first from pHso values (pH at which 50% of the initial 

amount of metal added is sorbed) and secondly on the basis of values for zero point of 

charge (ZPC) of the soils. The higher the ZPC, the higher the pH values at which 

negative charges appeared on the sorbent surfaces and thus, at which increased 

sorption could be expected. 
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The degree to which a metal is hydrolysed is likely to be a major factor determining 

the amount retained by the soil at a given pH. The relative position of the sorption 

curve with respect to pH is related to the hydrolysability of the metal ions in solution 

(Padmanabham, 1983b). Barrow et al. (1981) found that ZnOH+ is the sorbing 

species and part of the increase in Zn sorption with increasing pH arose because these 

ions increase in concentration with pH. Barrow (1986b) further noticed that plotting 

Zn sorbed against ZnOH+ concentration is a convenient way of describing the effect 

of pH on Zn sorption although the proportion of ZnOH+ is very low. Jeffery and Uren, 

(1983) also stated that at high pH specific sorption of ZnOH+ is the mechanism that 

accounts for higher sorption. 

The Lismore soil sorbed the lowest amount of Zn of all the four soils studied. At pH 

4.3, Zn sorbed varied from 2.21 to 7.89 /lg g-! soil (26 - 37 % of added Zn), at pH 5.4 

it was 5.25 to 18.48 /lg g-t soil (62 - 87 % of added Zn) while at pH 6.5, 5.72 to 26.22 

/lg g-) soil (87 to 96 % of added Zn) was sorbed, depending on the initial solution Zn 

concentration (Table 5.1). Increasing amounts of Zn were sorbed by the Lismore soil 

Table 5.1 Effect of pH on sorption of added Zn from the Lismore soil 

Soil pH Zn sorbed (JIg Zn got) after an initial application equivalent to 

6 JIg Zn g-t 12 JIg Zn got 24 JIg Zn g-t 30 JIg Zn g-t 

4.3 2.21 4.24 7.08 7.89 

4.4 2.75 4.56 7.59 8.51 

4.6 3.39 5.87 9.55 10.61 

5.4 5.25 9.35 16.47 18.48 
./ '\ 

{!;;l 5.72 11.46 21.62 26.22 

with illcreasing concentration of Zn (6, 12,24 and 30 Ilg Zn g-! soil) in the equilibrium 

solutions at given pH of the soils. However, the percent Zn sorption decreased which 

could be due to the decreasing affinity of sorbing surfaces with increasing surface 

saturation. The smaller effect of pH on Zn sorption by the Lismore soil compared 

with the other three soils could be due to its lower organic matter content and lower 

percentage of clay. 
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In the Summit soil, Zn sorption behaviour was similar to that of the Lismore soil with 

the only difference that the Summit soil was able to sorb higher amounts of Zn, 

particularly at pH <5 (Tables 5.1 and 5.2). At pH 4.3, Zn sorbed varied from 3.28 to 

13.19 Ilg g-I soil (44 - 55 % of added Zn), at pH 5.2 it was 5.42 to 22.92 1lg g-l soil 

(76 - 90 % of added Zn) while at pH 6.5, 5.73 to 29.161lg Zn g-I soil (95 - 98 % of 

added Zn) was sorbed depending on the initial solution Zn concentration (Table 5.2). 

Table 5.2 Effect of pH on sorption of added Zn from the Summit soil 

Soil pH Zn sorbed (JIg Zn g.l) after an initial application equivalent to 

6~b~ U~b~ ~~h~ ~~b~ 
-_ .. -----------_ ... __ .. _------------•. -----._--------_.---------.------_ .. _-_ ... _---_._ .... _--_ .. __ . 

4.3 3.28 6.17 11.46 13.19 

4.4 3.41 6.53 11.76 13.26 

4.6 4.02 7.49 12.89 16.23 

5.2 5.42 10.23 19.58 22.92 

6.5 5.73 11.76 23.42 29.16 

At pH 4.3 and pH 5.4, there was an increase in the amount of Zn sorbed with 

increasing rate of application of Zn from 6 to 30 Ilg g-l soil, but the percent Zn 

sorption decreased. However, at pH 6.5 nearly all of the added Zn was sorbed by the 

soil irrespective of the initial solution Zn concentration. 

Of the four soils studied, the Temuka soil sorbed the highest amounts of Zn at any pH. 

At pH 4.2, Zn sorbed varied from 3.35 to 16.30 Ilg g-I soil (54.3 - 58.4 % of added 

Zn), at pH 5.5, 5.56 to 25.441lg g-l soil (84.8 - 92.7 % of added Zn) while at pH 6.4, 

5.68 to 28.421lg Zn g-l soil (95 - 97 % of added Zn) was sorbed depending on the 

initial solution Zn concentration (Table 5.3). As in the Summit soil, at pH 4.2 and 5.5 

there was an increase in amount of Zn sorbed with an increase in initial added Zn 

concentration but again with decreasing percent Zn sorption. At pH 6.4, all of the 

added soil Zn was sorbed with little difference in the percentage Zn sorbed with 

increasing initial Zn concentration. The greater effect of pH on Zn sorption by the 

Temuka soil compared to other soils could be due to its greater clay content and 

greater organic carbon content, which would produce more pH dependent sites with 

an increase in pH. 



Table 5.3 Effect of pH on sorption of added Zn from the Temuka soil 

Soil pH Zn sorbed (I-Ig Zn g.t) after an initial application equivalent to 

6~h~ U~h~ ~~h~ ~~h~ 
---------------_._---_ .. __ ._-------_._-----.----------.--_ .. _------

4.2 3.35 7.00 14.02 16.30 

4.6 

5.1 

5.5 

6.4 

5.05 

5.19 

5.56 

5.68 

9.65 

10.07 

10.8 

11.60 

18.82 

19.80 

21.13 

22.92 

22.51 

23.75 

25.44 

28.42 

In the Waimakariri soil, as with the other soils, with increasing soil pH from 4.4 to 

6.9, the amount of Zn sorbed increased irrespective ofthe equilibrium solution Zn 

concentration. At pH 4.4, Zn sorbed varied from 0.75 to 13.66 ~g g-l soil (12.5 -
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45.5 % of added Zn), at pH 5.7 it was 5.17 to 25.181lg g-l soil (84.0 - 87.7 % of 

added Zn) while at pH 6.9,5.77 to 28.99 Ilg g-l soil (96.1 - 97.8 % of added Zn) was 

sorbed depending on the initial solution Zn concentration (Table 5.4). It is interesting 

to note that, at pH 4.4, by increasing rate of application of Zn from 6 to 30 ~g g-l soil, 

there was an increase in amount of Zn sorbed, however, the percentage of Zn sorption -

also increased unlike in the other three soils. At pH 5.1 and above, very similar 
( 

percentages of added Zn were sorbed irrespective of the initial added Zn 

concentration. 

Table 5.4 Effect of pH on sorption of added Zn from the Waimakariri soil 

Soil pH Zn sorbed (I-Ig Zn g.1) after an initial application equivalent to 

6,..g Zn g.1 U ,..gZng·t ~ ,..gZng·t 30 I-Ig Zn g.t 

4.4 1.65 4.67 9.00 13.66 

4.7 2.93 7.08 14.98 17.77 

5.1 4.16 8.63 17.71 20.86 

5.7 5.17 10.52 20.89 25.18 

6.9 5.77 11.74 23.36 28.99 

The major sorption surface differs between soils and varies with pH for a particular 

soil (Mann and Ritchie, 1993). At pH 4.3 and at pH 5.5, the order of Zn sorption in 

the four soils was Temuka > Summit> Waimakariri > Lismore. However, at pH 6.4 

or above, the order of sorption in these soils was Temuka ~ Summit ~ Waimakariri > 
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Lismore. The extent of retention depends on the amount of sorbing surface and pH. 

At pH 6.4, the Temuka, Summit and Waimakariri soils sorbed most ofthe added Zn. 

Padmanabham (1983b) also found that 91 % of the initially added Zn was sorbed at 

pH 6.2 by a goethite surface. At pH < 5, the Temuka soil sorbed more Zn than the 

Waimakariri soil, however, at pH values above 5, amounts of Zn sorbed by the two 

soils were similar. Comparing the Summit soil with that of the Temuka soil, at or 

below pH 5.4, the Temuka soil sorbed more Zn than the Summit soil, however, at pH 

6.5 or above the situation was reversed. The reason for this could be related to the 

higher Fe and Al contents in the Summit compared to the Temuka soil (Table 4.1). 

Iron and aluminium oxides have relatively high affinities for Zn particularly at high 

pH values compared to organic matter and clay minerals (McBride and Blasiak, 

1979). However, at lower pH values «5), 2: 1 layer lattice silicate clays (as present in 

the Temuka soil) show higher affinities for Zn (Tiller et ai., 1984b). 

This is similar to Pardo and Guadalix (1996) who found that maximum sorption 

occurred with larger additions of Zn and at higher pH values. Higher initial 

concentrations of Zn could be expected to enhance non-specific sorption because after 

the saturation of high affinity sites, the residual Zn concentration is higher relative to 

Ca2
+ and Zn can compete better with Ca2

+ for sites of lower affinity (Elrashidi and 

O'Connor, 1982; Tiller et ai., 1984a). Brummer et ai. (1988) found an increase in 

pH50 values with increasing initial metal concentrations. In the present study, the 

increase in Zn sorption by the soils resulted in a decrease in soil solution pH (Tables 

Appendix 5.1 to 5.5). 

5.3.2 Effect of pH on desorption of native soil Zn 

Figure 5.3 shows the cumulative native Zn des orbed with an increasing number of 

desorption periods from the Lismore, Summit, Temuka and Waimakariri soils at four 

pH levels. Zinc desorption appears to be strongly pH dependent. Increasing soil pH 

substantially decreased the amount of native Zn that could be desorbed with ten 

successive equilibrations in 0.01 M Ca(N03)2 from all the four soils. The decrease in 

native Zn desorption was larger in the pH range of 4.3 - 5.4 than in the range 5.4 - 6.5 
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in all the four soils. For all the four soils, even at low pH, the cumulative amounts of 

Zn desorbed by ten equilibrations represented small proportions only (0.7 to 9.7 %) of 

the total soil Zn concentrations. At low pH values, the amount of Zn desorbed from 

the Lismore, Summit and Temuka soils were greater than those determined by DTP A 

extraction of the non pH adjusted samples (Table 4.1). However, in the Waimakariri 

soil from which Zn was desorbed readily, the cumulative amount of Zn desorbed after 

ten desorptions, never approached DTP A extractable Zn even at low pH values. At 

high pH values (6.4-6.6), the cumulative amounts of Zn desorbed from the Lismore, 

Summit and Temuka soils accounted for between 64 to 86 % of their DTP A 

extractable Zn values of non pH-adjusted samples. At pH 6.9, the cumulative Zn 

desorbed from the Waimakariri soil was only 5.6 % of the DTPA extractable Zn of the 

non pH-adjusted sample. 

The effect of pH on native Zn desorption from the Lismore and Summit soils appears 

to be very similar. In the case of the Lismore soil, the amount of native Zn des orbed 

after 10 desorptions at pH 5.4 was 47.3 % of Zn des orbed after same number of 

desorptions at pH 4.3. At pH 6.5 it decreased to 42.0 % (Table 5. 5). For the Summit 

soil, there was a similar percentage decrease in Zn desorption (37.2 %) with an 

increase in pH from 4.3 to 6.6 (Table 5.6). 

Table 5.5 Effect of pH on desorption of native and added Zn from Lismore soil· 

Soil pH Zn desorbed (J.lg Zn g.t) after 10 desorptions from 

o J.lgZn g-t 6 J.lg Zn g-t 12 J.lg Zn g-t 24 J.lg Zn g-t 30 J.lg Zn g-t 

4.3 2.75 2.04 3.60 4.87 5.44 
(92.5 %)'l' (84.8 %) (68.8 %) (69.0 %) 

4.4 2.74 2.18 3.65 5.20 5.95 
(79.3 %) (80.0 %) (68.5 %) (70.0 %) 

4.6 2.09 2.88 5.01 7.07 7.95 
(84.9 %) (85.3 %) (74.0 %) (75.0 %) 

5.4 1.30 2.11 5.77 11.21 13.57 
(40.3 %) (61.7 %) (68.1 %) (73.5 %) 

6.5 1.16 0.31 0.62 4.52 6.95 
(5.4 %) (5.4 %) (20.9 %) (26.5 %) 

* data for Zn treated soils have been corrected for desorption of native soil Zn (i.e. 0 f.lg Zn got) 
'I' Figures in parenthesis denotes" (Zn desorbed I Zn sorbed) x 100" 
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Table 5.6 Effect of pH on desorption of native and added Zn from Summit soil· 

Soil pH Zn desorbed (/-lg Zn go1) after 10 desorptions from 

o /-lg Zn go1 6 /-lg Zn go1 12 /-lg Zn go1 24 /-lgZn got 30 /-lg Zn go1 

4.3 2.69 3.03 5.58 9.09 11.06 
(92.4 %)'1' (90.4 %) (79.3 %) (84.0 %) 

4.4 2.66 2.95 5.54 9.29 11.01 
(86.4 %) (84.8 %) (79.0 %) (83.0 %) 

4.6 2.34 2.93 5.97 9.96 12.63 
(72.8 %) (79.7 %) (77.3 %) (77.8 %) 

5.4 1.21 1.70 4.68 10.30 13.39 
(31.3 %) (45.8 %) (52.6 %) (58.4 %) 

6.5 1.00 0.42 0.33 0.43 0.82 
(7.3 %) (2.84 %) (1.83 %) (2.82 %) 

In the Temuka soil, an increase in pH from 4.2 to 5.5 decreased the Zn desorbed by 

more than 50 % of the amount of Zn desorbed at pH 4.2 (Table 5.7). However, when 

pH was increased to 6.4, the amount of cumulative Zn desorbed decreased by only 

another 10 % ofthe amount of Zn desorbed at pH 5.5. In the Waimakariri soil, at pH 

6.9 the Zn desorbed decreased to 7.4 % of the amount of Zn desorbed at pH 4.4 (Table. 

5.8). The enhanced Zn sorption at high pH values, hence less Zn desorption, may 

stem from reduced competition with Zn2+ on common sorption sites and higher 

bonding energy of ZnOH+ to soil colloid surface as compared with Zn2+ (Bar-Tal et 

al., 1988). 

Table 5.7 Effect of pH on desorption of native and added Zn from Temuka soil* 

Soil pH Zn desorbed (/-lg Zn got) after 10 desorptions from 

o /-lg Zn go1 6/-lgZng·1 12 /-lgZn g.t 24 /-lg Zn got 30 /-lg Zn got 

4.2 4.77 1.73 5.03 9.81 12.33 
(51.7 %)'1' (71.8 %) (69.9 %) (75.6 %) 

4.6 2.80 1.92 5.81 11.58 15.11 
(38.0 %) (60.2 %) (61.5 %) (67.1 %) 

5.1 2.74 1.69 5.19 11.37 15.00 
(32.6 %) (51.5 %) (57.4 %) (63.2 %) 

5.5 2.19 0.93 3.73 9.27 12.73 
(16.6 %) (34.4 %) (43.8 %) (50.0 %) 

6.4 1.72 0.0 0.39 2.74 4.57 
(0 %) (3.33 %) (11.9 %) (16.1 %) 

* data for Zn treated soils have been corrected for desorption of native soil Zn (i.e. 0 j-lg Zn g.l) 
'I' Figures in parenthesis denotes" (Zn desorbed / Zn sorbed) x 100" 
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Table 5.8 Effect of pH on desorption of native and added Zn from Waimakariri . soil* 

Soil pH Zn desorbed (f.lg Zn go!) after 10 desorptions from 

o f.lg Zn got 6 f.lg Zn gO! 12 f.lg Zn gol 24 f.lg Zn gO! 30 f.lg Zn got 

4.4 12.11 1.92 5.50 9.50 12.11 
(116.3 %)'" (117.6 %) (1 OS. 6 %) (91.1 %) 

4.7 9.22 2.49 7.26 12.64 17.20 
(84.8 %) (102.6 %) (84.3 %) (96.8 %) 

5.1 7017 2.71 7.38 13.59 18.37 
(6S.0 %) (8S.S %) (76.7 %) (88.0 %) 

5.7 3.l5 1.17 4.75 10.18 14080 
(22.7 %) (4S.2 %) (48.7 %) (S8.8 %) 

6.9 0.90 0.14 0.66 0.70 1.53 
(2.36 %) (S.3 %) (3.02 %) (S.27 %) 

* data for Zn treated soils have been corrected for desorption of native soil Zn (i.e. 0 Ilg Zn gol) 
'" Figures in parenthesis denotes" (Zn desorbed / Zn sorbed) x 100" 

5.3.3 Effect of pH on desorption of added Zn 

Figure 5.4 shows the cumulative added Zn (6 flg Zn gol) desorbed after ten desorptions 

from the Lismore, Summit, Temuka and Waimakariri soils at different pH values. As 

with native soil Zn, the higher the pH, the smaller the amount of Zn desorbed from all 

four soils. The decrease in desorption was larger over the pH range of 4.3 - 5.4 than 

for 5.4 - 6.5. This behaviour was also observed by Anjana Srivastava and Srivastava 

(1990) for Zn desorption from iron (III) hydroxide. Pardo and Guadalix (1996) and 

Stahl and James (1991) found a decrease in the proportion of the sorbed Zn that could 

be desorbed, with increasing pH to 5.5 and above. Harter (1983) observed that Zn 

sorbed at higher pH did tend to be less extractable by 0.001M Hel than was the Zn 

sorbed at low pH. 

The proportion of sorbed Zn desorbed (after 10 successive desorptions) from the 

Lismore soil varied from 5.4 to 92.5 % depending upon the soil pH and the initial 

added Zn concentration (Table 5.5). The higher the pH, the lower was the proportion 

of added Zn desorbed. For the Summit soil, the results were similar (Table 5.6) 

although lower percentages of sorbed Zn were desorbed from the Summit soil at pH 
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5.4 or above than from the Lismore soil. In the Temuka soil, the increase in soil pH 

also caused a decrease in the percentage of sorbed Zn desorbed irrespective of the 

initial concentration of Zn added (Table 5.7). As the pH increased from 4.2 to 6.4, the 

percentage of sorbed Zn desorbed back into solution decreased to between 0 and 14 

%, depending upon the initial concentration of Zn added to the soil (Table 5.8). The 

Waimakariri soil behaved very differently compared with the other three soils. 

Although, the Waimakariri soil appears to have good capacity to retain the applied Zn 

(Table 5.4), it also desorbed higher amounts (up to 117 % of sorbed Zn in 10 

successive desorptions) of Zn particularly at lower pH. As noted in chapter 4, 

previous Zn contamination of the Waimakariri soil sample, used for the study might 

be the reason for the extraordinary behaviour of this soil. 

Desorption isotherms for Zn sorbed from different initial solution concentrations for 

the four soils at different pH studied are presented in Figures 5.5 to 5.17. An 

examination of the desorption isotherms indicated that at pH values near 4.3, most of 

the added Zn can be des orbed back into soil solution readily from all four soils 

(Figures 5.5, 5.8, 5.11 and 5.14). Zinc desorption appears to be closely follow the 

original sorption isotherm irrespective of the concentration of Zn added to the soil 

suggesting that at pH near 4.3 desorption reactions could be described by the sorption 

isotherm. However at pH above 6.0 there was a marked hysteresis in the desorption 

of Zn (Figures 5.7, 5.10, 5.13 and 5.17). Padmanabham (1983a) noticed a similar 

effect at the goethite-solution interface which indicated that desorption isotherms 

tended to become parallel to the abscissa with an intercept on the sorption axis which 

increases with increasing pH. -The lack of reversibility of the sorption reaction, at pH 

values above 6.0 suggested that in all the soils an important portion of sorbed Zn was 

apparently strongly bonded to the soils which stresses once more the existence of 

specific sorption sites where sorption is thought to occur via formation of covalent 

bonds. 

The different pH values can, therefore, be taken as an indicator of the affinity of Zn 

ions for the variable charged surfaces in the soil. At a given pH there is fixed number 

of specific sites from which Zn is less readily desorbed and with increasing 
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Figure 5.15 Zinc sorption I desorption for the Waimakariri soil at pH 5.1 
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Figure 5.16 Zinc sorption I desorption isotherms for the Waimakariri soil at pH 5.7 

-0- Sorption 
--l::.-- Desorpti 0 n 

1.0 
N 



40 r 

. I 

..-... 30 -..... 0 
(I) 

20 -< 
I 

bJ) 

bJ) 
10 =to 

'-" 
""Cj 
II) 

of 0 
0 
(I) 
II) 

""Cj -""Cj 

40 r II) 

of 
0 
(I) 30 Co) 
s:: ..... 
N 

20 

10 

0 
I 

0.00 

6 Il g g -1 soil [ 12 Il g g -1 soil 

24 Ilg g-1 soil r 30 Ilg g-1 soil 

0.04 0.08 0.12 0.16 0.00 0.04 0.08 0.12 0.16 

Equilibrium solution Zn concentration (Ilg ml-l) 

Figure 5.17 Zinc sorption I desorption isotherms for the Waimakariri soil at pH 6.9 

-0- Sorption 
--l;r- Desorption 

1..0 
Vol 



94 

concentration of Zn added, there is increasing proportion of the sorbed Zn at that pH 

which can be readily desorbed (Padmanabham, 1983b). The increase in soil pH is 

also reported to result in the redistribution of Zn from exchangeable form to the non 

exchangeable form as reported by Stahl and James (1991). The less readily desorbed 

fraction of Zn increased with an increase in soil pH. In sequential desorption, a 

greater amount of Zn was desorbed in the first washing operation, with smaller 

amounts removed in subsequent extractions. This may be due to an exchangeable Zn 

fraction (sorbed at low affinity sites) removed in the first desorption followed by a 

fraction of sorbed Zn which was difficult to remove (presumably specifically sorbed 

Zn) by repeated extractions with the O.OIM Ca(N03)2 at a given pH (Tiller et al., 

1984a). 

Increasing amounts of Zn were desorbed with increasing initial concentration of Zn 

added to the soiL In the case of the Lismore soil, up to pH 4.6, the percent of sorbed 

Zn desorbed decreased with the increase in concentration but at pH 5.4 and higher, the 

percent of sorbed Zn desorbed back increased with the increase in initial concentration 

of added Zn (Table 5.5). In the Temuka soil, the percent of sorbed Zn desorbed 

increased with an increase in the initial Zn concentration at all the pH values (Table 

5.7) while there was no particular trend in the Summit and Waimakariri soils (Tables 

5.6 and 5.8). The rate of application of Zn might have affected the amount of Zn in a 

particular form when the number of sorption sites on the main sorption component 

become limiting. 

5.4 Conclusions 

Zinc sorption or desorption varies widely depending on soil pH and the initial 

concentration of added Zn. Sorption increased with increasing pH and at pH near 6.5, 

most of the added Zn was sorbed by all the four soils studied. Desorption of native 

and added Zn decreased with increasing pH and became very low at pH values near 

6.5 to 7.0. The proportion of sorbed Zn that could be des orbed decreased as pH 

increased above 5.5. An increase in the initial concentration of added Zn increased 

the amount of Zn sorbed, however the percent Zn sorption decreased. It also 
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enhanced the amount of sorbed Zn that could be subsequently desorbed. The 

characteristics of sorption or desorption isotherms depend onthe soil pH regardless of 

the type of the soil. An examination of desorption isotherms indicated that the extent 

of reversibility decreased as the pH of the soils increased. Therefore assessment of 

the behaviour of Zn in soils should take into account possible variations of the soil 

pH, such as those due to liming or acidification. In sequential desorption, a greater 

amount of Zn was desorbed in the first one or two washings with 0.01 M Ca(N03)z 

with smaller amounts removed in subsequent washings indicating the presence of a 

less readily desorbed fraction of Zn. This less readily desorbed fraction of Zn 

increased with increasing soil pH emphasising the dependence of sorption I desorption 

of Zn from soils on pH. 



Chapter 6 

Effect of phosphate on sorption-desorption of Zn in 
soils 

6.1 Introduction 
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It is recognised that major P-Zn interactions occur at the plant metabolic level, 

however the importance of P-Zn interactions that may occur in the soil is less clear. 

Contradictory effects have been reported in the studies of soil P-Zn interactions. It 

appears that Zn sorption or desorption may increase, decrease or be unaffected by P 

application. Saeed (1977) found that high phosphate fertilisation of soils reduced Zn 

sorption particularly in soils with low carbonate contents. Saeed and Fox (1979) 

found an increase in Zn sorption with P fertilisation. The type of interaction and 

intensity of this interaction, if present, is expected to depend on the specific 

properties of the various soil components in a particular soil. Xie and MacKenzie 

(1989) found that P sorption enhanced specific Zn sorption, but mainly on Fe 

materials. Whatever the impact of added P is on the availability of Zn in soil, it's 

evaluation is important for soil management purposes. 

Phosphate-Zn interactions can affect fertiliser use and produce Zn deficiency with 

certain crops. The effect of added P on Zn desorption is potentially important because 

of the frequent P-fertiliser applications to agricultural soils. Application of phosphatic 

fertilisers, particularly at high rates, increases the severity of Zn deficiency in soils that 

are low or marginal in available Zn (Norvell et ai., 1987). Phosphorus addition may 

influence the availability of Zn either by reducing its solubility (Seatz, 1960) or by 

enhancing fixation of Zn by the soil (Chatterjee and MandaI, 1985; Shuman, 1986). 

High P levels can affect soil properties such as changes in surface charge due to 

sorption of phosphate on the soil colloids (Xie and MacKenzie, 1989). More than one 

mechanism has been suggested to account for the P-Zn interaction in soils. Bolland et 

al. (1977) suggested that there is increase in negative charge on the soil colloid surface 
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with P addition, which causes an increase in Zn sorption. However, Xie and 

MacKenzie (1989) and Neilsen et al. (1986) speculated that P sorption increased 

specific sorption sites for Zn. Saeed and Fox (1979) found that the increase in Zn 

sorption was due to increase in negative charge on iron and aluminium oxides caused 

by P application. MandaI and MandaI (1990) in a laboratory study found that an 

application of P caused a decrease in the water soluble plus exchangeable and organic 

complexed Zn with a concomitant increase in the amorphous and crystalline 

sesquioxide bound forms of native soil Zn. Xie and MacKenzie (1989) postulated that 

Zn sorption was associated with Fe and Al oxy-hydroxides and or organic matter 

because P addition increased the absolute values of correlation coefficient between Zn 

fractions and these soil parameters. 

The combination of both high concentrations of phosphate and high pH is probably 

responsible for Zn sorption and consequently reduced Zn availability to plants 

(Ghanem and Mikkelsen, 1988). Barrow (1987) noticed two effects of phosphate 

addition on Zn sorption, the larger effect due to change in pH and smaller due to 

change in charge on the reacting surfaces. Although, these effects were reported to be 

small at low levels of Zn and larger at higher levels, application of phosphate to soils 

that are low in available Zn often increases the chance of Zn deficiency in the plants 

grown on them. Superphosphate has long been used as fertiliser for the pastures on 

Canterbury soils, some of which are reported to be low in available Zn. It is 

hypothesised that reduced desorption of Zn from long-term P fertilised soils could be 

a factor for phosphate induced Zn deficiency in crops and low levels of available Zn. 

Hence we studied the effect of phosphate on Zn desorption from soils at different pH, 

by incubating different rates of phosphate and Zn with soils adjusted to different pH 

levels. Adjusting the pH to three different levels permitted evaluation of possible 

interactions between pH and phosphate on Zn desorption. The effect of contact time 

between phosphate and soil on Zn desorption from soils was studied by taking soil 

samples at different time intervals. 
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6.2 Materials and Methods 

Two soils (Lismore and Temuka) each adjusted to three different pH levels 

(approximately 4.3, 5.4 and 6.5) as described in chapter 5, were used in this study. 

After adjusting the pH, the soils were air dried and crushed to pass through a 2 mm 

stainless steel sieve. Some of the physico and chemical properties of these soils are 

given in Table 4.1. Zinc and P were added to soils at rates that would be reasonable 

for fertilizer application. Zinc was applied as Zn(N03)2 in solution at a rate of 5 /lg Zn 

g-) soil (Zn-l) on an air dried basis and mixed thoroughly with the soil in individual 

pots. Phosphorus was applied as Ca(H2P04)2 at the rates of 0 (P-O), 15.62 /lg P g-) 

soil (P-l) and 31.25 /lg P g-) soil (P-2) and mixed with the soil in individual 

containers. These rates of phosphate were equivalent to 0, 25 and 50 kg P ha-l 

respectively. After mixing both Zn and P into the soil, the soils (250 g in duplicate) 

were incubated at 20 DC and 75 % field capacity to study the effect of length of contact 

period of Zn and P on subsequent desorption of added Zn (5 /lg g-l soil). The 

experiment was carried out in plastic containers with a hole in every lid, to make it an 

aerobic incubation. Sub samples were taken after 1, 14, and 60 days of contact of Zn 

with the soil. Sub samples were air dried and Zn was des orbed successively ten 

times by shaking 5 g of each sample with 30 ml O.OIM Ca(N03)2 for 2 h for every 

desorption. Cumulative Zn desorbed was calculated as described in chapter 4. The 

soil moisture was maintained at 75% field capacity before and after taking the sub 

samples. For comparison purpose, both soils were also incubated without added Zn 

under the same conditions for periods of 1, 14, and 60 days. Zinc desorption was 

determined same as above. A complete factorial design was used, with 2 replicates of 

each treatment sampled as mentioned above (3 pH values, 3 levels of P, 3 times of 

contact). 

6.3 Results and Discussion 

Increasing amounts of Zn were desorbed into O.OIM Ca(N03)z from soil samples 

which received 5 /lg Zn g-l soil as compared with the controls. However, no 
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significant main effect of P on Zn desorbed from either soil was observed in this study 

(Table 6.1). 

Table 6.1 Main effect ofP on Zn desorption from Lismore and Temuka soils 

P level 
(kg ha-') 

o 
25 
50 

LSD (P<O.05) 

Cumulative Zn desorbed (JIg g.t soil) 
Lismore Temuka 

Added Zn Native Zn Added Zn Native Zn 
1.47 1.14 1.24 1.91 
1.54 1.16 1.22 1.93 
1.52 1.15 1.23 1.95 
NS NS NS NS 

The results of this study show that the capacity to desorb native and added Zn from 

both soils differed greatly over the range of pH values studied (Table 6.2). 

Significant main effect of pH was observed on cumulative added (5 J,lg g-l) and native 

Zn desorption. A change in pH from 4.3 to 6.5 caused significant variation in the 

amounts of Zn desorbed (Table 6.2), which is consistent with the results in Chapter 5. 

Table 6.2 Main effect of pH on Zn desorption from Lismore and Temuka soils 

pH level 

4.3 
5.4 
6.5 

LSD (P<O.05) 

Cumulative Zn des orbed (JIg g-t soil) 
Lismore Temuka 

Added Zn Native Zn Added Zn Native Zn 
3.53 1.98 2.62 3.74 
1.03 0.77 0.98 1.31 
-0.03 0.70 0.09 0.74 
0.09 0.03 0.06 0.04 

The slopes of cumulative native and added Zn desorption from the two soils were 

higher at lower pH than at higher pH, as only small amounts of Zn were des orbed at 

higher pH (Figures 6.1 to 6.12). In the case of the Lismore soil at pH 4.3, cumulative 

added Zn desorption nearly reached a plateau after 10 desorptions whereas at pH 5.4 

Zn was still desorbing, but at a slower rate. At pH 6.5 almost no Zn was desorbed 

(Figures 6.7 to 6.9). As discussed in Chapter 5, as pH increases there may be an 

increase in net negative charge on the sorbing sites causing more Zn to be sorbed and 

hence lesser amount of Zn desorption. However, there was no interaction between P 
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and pH. Addition of fertiliser P up to 50 kg ha-1 did not affect Zn desorption from two 

soils at any pH level (Figures 6.1 to 6.12). 

There was a significant (P<0.05) main effect of contact period on cumulative native 

and added Zn desorption from both soils (Appendix 6.1 to 6.4). With an increase in 

length of contact of Zn with soil, the amount of cumulative added Zn desorbed from 

each soil decreased significantly (Table 6.3). Although the analysis of variance 

(Appendix 6.3 and 6.4) indicated that the amount of cumulative native Zn desorbed 

was also significantly affected by length of contact period, no definite trends of 

increase or decrease in cumulative native Zn desorbed were observed (Table 6.3). 

Table 6.3 Main effect of contact period on Zn desorption from Lismore and Temuka soils 

Contact period 
(days) 

1 
14 
60 

LSD (P<O;05) 

Cumulative Zn desorbed (Ilg g-l soil) 
Lismore Temuka 

Added Zn Native Zn Added Zn Native Zn 
1.77 1.25 1.27 2.00 
1.55 0.98 1.34 1.79 
1.22 1.23 1.06 1.99 
0.09 0.03 0.06 0.04 

There were also significant interaction effects between the length of contact period 

and pH on the amount of cumulative native and added Zn desorption from both soils 

(Tables 6.4 to 6.7). As pH increases, the effect of length of contact of added Zn 

decreases; probably as a result of smaller amounts of Zn desorption at the higher pH. 

At pH 6.5, nearly all the added Zn was held strongly and after 10 washings with 0.01 

M Ca(N03)2 only very small amounts of Zn were desorbed (Tables 6.4 and 6.5). 

Although analysis of variance showed significant interaction effects of pHxcontact 

period on cumulative native Zn desorbed, no definite trends of increase or decrease in 

cumulative native Zn desorbed were observed except in the Lismore soil at pH 4.2 

(Tables 6.6 and 6.7). No significant interactions between PXcontact period were 

found to affect cumulative Zn desorption from the two soils (Tables Appendix 6.1 to 

6.4) indicating that there was not even any indirect effect ofP application on Zn 

desorption from the soils studied. 
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Figure 6.1 Cumulative native Zn desorption from the Lismore soil (at different 
pH levels) after 1 day of P application. 
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Figure 6.2 Cumulative native Zn desorption from the Lismore soil (at different 
pH levels) after 14 days ofP application. 
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Figure 6.3 Cumulative native Zn desorption from the Lismore soil (at different 
pH levels) after 60 days of P application 
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Figure 6.5 Cumulative native Zn desorption from the Temuka soil (at different 
pH levels) after 14 days of P application 
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Figure 6.6 Cumulative native Zn desorption from the Temuka soil (at different 
pH levels) after 60 days of P application 
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(at different pH levels) after 1 day of P application. 
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Figure 6.9 Cumulative added Zn (5 J.lg gO! soil) desorption from the Lismore soil 
(at different pH levels) after 60 days of P application. 
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Figure 6.11 Cumulative added Zn (51lg g-! soil) desorption from the Temuka soil 
(at different pH levels) after 14 days of P application. 
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Figure 6.12 Cumulative added Zn (51lg g-! soil) desorption from the Temuka soil 
(at different pH levels) after 60 days of P application. 



Table 6.4 Effect of pH x Contact period on cumulative added Zn (5 flg g-l soil) desorbed 
after 10 washings from the Lismore soil 

Contact Period 
7 days 
30 days 
90 days 

LSD (P<0.05) 
C.V (%) 

Cumulative Zn desorbed (JIg g"1 soil) 
pH 4.3 pH 5.4 pH 6.5 
4.05 1.20 0.05 
3.52 1.05 0.07 
3.03 0.84 -0.21 

0.15 
8.45 

Table 6.5 Effect of pH x Contact period on cumulative added Zn (5 flg g-l soil) des orbed 
after 10 washings from the Temuka soil 

Contact Period 
7 days 
30 days 
90 days 

LSD (P<0.05) 
C.V (%) 

Cumulative Zn desorbed (JIg g"1 soil) 
pH 4.2 pH 5.5 pH 6.5 

2.57 1.08 0.16 
2.91 1.01 0.13 
2.37 0.86 -0.03 

0.11 
7.48 

Table 6.6 Effect of pH x Contact period on cumulative native Zn desorbed after 10 washings 
from the Lismore soil 

Contact Period 
7 days 
30 days 

. 90 days 
LSD (P<0.05) 

C.V (%) 

Cumulative Zn desorbed (JIg g"1 soil) 
pH 4.3 pH 5.4 pH 6.5 

2.12 0.85 0.77 
1.82 0.58 0.53 
2.02 0.88 0.81 

0.059 
4.33 

Table 6.7 Effect of pH x Contact period on cumulative native Zn desorbed after 10 washings 
from the Temuka soil 

Contact Period 
7 days 
30 days 
90 days 

LSD (P<0.05) 
C.V (%) 

Cumulative Zn desorbed (J.ig g"1 soil) 
pH 4.2 pH 5.5 pH 6.5 
4.02 1.25 0.76 
3.61 1.19 0.58 
3.59 1.50 0.87 

0.064 
2.79 
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Bolland et al. (1977) suggested that sorption of negatively charged P caused a 

decrease in net positive charge on oxide surfaces thereby increasing Zn sorption. That 

means that either this mechanism is not operative in the soils studied here, or the 

amount of P sorbed is not enough to make a significant variation in the charge of the 

sorbing material in the soils and hence no change in Zn sorption/desorption. 

Friesen et al. (1980) also did not find any change in Zn sorption with P application in 

the pH range of 4.3 to 7.2. Norvell et al. (1987) found that addition of P caused only 

small decreases in the concentration of Zn and other divalent cations in solution, 

suggesting that the effects of P on Zn2
+ might simply be a part of a general shift in 

concentrations arising from P induced changes in exchange capacity or other factors. 

It is worth mentioning that most of the earlier studies on P-Zn interactions used much 

higher concentrations of Zn and P than those found in agricultural soils. Pasricha et 

al. (1987) found that Zn intensity in soil was not affected by applying P even as high 

as 1200 Ilg g-l soil. Also the evidence that the amount of Zn desorbed increased in the 

case of added Zn compared with native Zn at any P addition rate supports the 

speculation that P and Zn are sorbed at opposite ends of a spectrum of electrostatic 

potentials (Barrow, 1987). Hence, the results of the current study suggests a low 

probability of P-Zn interaction in the soil system itself and there is the possibility that 

Zn sorbs on the sites that do not sorb phosphate and vice versa. 

Xie and MacKenzie, 1988; 1989 and Neilson et al., 1986 speculated that P sorption 

increased specific sorption sites for Zn. If, however, added P increases specific 

sorption sites for Zn, there should be reduced Zn desorption. Which again does not 

appears to be true in the experimental soils we used. The reason for that could be due 

to the low Fe and Al oxide contents of these two soils, since such an effect is stronger 

in soils of high Fe content than in soils of low Fe content (Xie and Mackenzie, 1989). 

Stanton and Burger (1967,1970) and Bolland et al. (1977) found that the presence of 

phosphate increased the sorption ofZn by amorphous hydrous oxides of Fe and AI. 

Other studies conducted for P-Zn interaction in hydrous oxides of Fe and Al (Ghanem 

and Mikkelsen, 1988) also found similar results. In the soils that we used it is be 

possible that clay minerals and organic matter may be more involved with 

sorption/desorption of Zn than Fe and Al oxides. Clay minerals, with a constant 
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negative surface charge, will interact with Zn cations to a much larger extent than 

with phosphate ions, and therefore a mutual influence of both ionic species will be 

less marked than in the case of oxides, which are known to adsorb significant amounts 

of Zn and phosphate (Diaz-Barrientos et al., 1990). Barrow (1987) also suggested 

that the materials that react with Zn differ from those reacting with anions such as 

poi-. Xieand Mackenzie (1989) and Chowdhury (1990) made an attempt to study 

P-Zn interaction by using Zn fractions. Chowdhury (1990) while studying the effect 

of added P and lime on the distribution of native and applied Zn among soil fractions 

found that the application of phosphorus had no major effect on the distribution of 

native soil Zn between different fractions during 12 months of a field experiment. 

The application of added P influenced applied Zn (which was originally present in the 

exchangeable and organically-bound fractions) only to a small extent. As Zn 

deficiencies are more common in alkaline and calcareous soils (Ponnamperuma, 1980) . 

it is possible that P-Zn interactions in soil may be more prominent in these soils than 

in acid and near neutral soils. 

6.4 Conclusions 

The desorption of native and added Zn into the soil solution over a range of pH values 

was not affected by addition of fertiliser P (up to 50 kg ha-1
) in the Lismore and 

Temuka soils. This suggests that there is a low probability of P-Zn interaction in the 

field soil and that there is the possibility that Zn sorbs on the sites that do not sorb 

phosphate and vice versa. Phosphate does not appears to affect Zn desorption via its 

effects on pH in the soils studied. Therefore the relative importance of P additionon 

Zn availability might vary with soils of different characteristics. Although there was a 

significant interaction effect between contact period and pH on cumulative Zn 

desorption in both soils, no other interactions were found to significantly affect the 

amount of cumulative Zn desorption from the two soils. These results indicate that 

there is little possibility of an indirect effect of P application on Zn availability in 

these soils. 
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Chapter 7 

Determination of Zinc Desorption Kinetics from Soils 
using Ion-exchange Resin Membranes 

7.1 Introduction 

The bioavailability of Zn in soil depends on (i) its concentration in the soil solution, 

and (ii) the soil's ability to release Zn ions from the solid phase (generally assumed to 

be controlled by desorption process) to replenish those removed from solution by· 

plants. Most previous studies of Zn sorption and desorption have emphasised 

equilibrium conditions involving a thermodynamic approach. However, this approach 

can predict only the final equilibrium state of the soil solution from an initial non

equilibrium state. Moreover, equilibrium studies are often not appropriate to simulate 

field conditions since soils are seldom, if ever, at equilibrium with respect to ion and 

molecular transformations and interactions. 

Determining reaction rates and mechanisms are essential for the understanding, 

predicting and possibly controlling chemical processes in soil (Sparks, 1989). The 

rate of Zn desorption from the solid soil phase into soil solution is a dynamic factor 

that regulates the amount of Zn in solution at any given time. Examination of rates of 

Zn desorption (kinetics) may yield important additional information regarding the 

bioavailability of soil Zn. This information is of also of significance for the 

application of Zn fertilizer and for protection of the environment directly or indirectly. 

There is relatively little information on the rate of desorption of Zn from soil surfaces 

into the soil solution; an extremely important factor in relation to the continuous 

supply of Zn to plants. 

Both batch and continuos flow techniques have been used to investigate sorption and 

desorption processes in soils. Each of these have their relative advantages and 

disadvantages (Sparks 1989). Dang et ai., (1994b), and Kuo and Mikkelsen (1980) 

studied the kinetics of Zn desorption (using chelating reagents DTPA and EDT A) 
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from soils using a batch technique. However, one weakness in these studies is that the 

experimental conditions were largely artificial in that soil / solution ratios and ionic 

strengths of the equilibrating solutions did not mimic real field conditions. That 

means the ability of these extractants to simulate desorption of Zn using conditions 

similar to those existing under field conditions, from the solid soil phase into soil 

solution is questionable. 

'Infinite sinks' (such as ion-exchange resins or strongly sorbing mineral phases) are 

ideally suited to the study of desorption kinetics in batch systems (Amachar, 1991). 

Infinite sink methods are chemically less destructive to the soil and their action 

resembles the way in which plants obtain nutrients from the soil. Turner et at., 1984 

reported the successful use of chelating resins in metal sorption studies. Also, by the 

use of ion exchange resins, one can maintain constant realistic equilibrium conditions 

for the metal sorption/desorption experiments, apart from overcoming difficulties like 

maintaining the solution pH in extraction studies. Resin-extracted soil Zn was found 

to be correlated better with plant Zn concentrations and Zn uptake of beans throughout 

the growing season than DTPA-extractable soil Zn (Hamilton and Westermann, 

1991). Recently, ion exchange resin membranes, which are as efficient as resin bags, 

have been used as infinite sinks for desorption studies. The resin membrane 

procedure is simpler and more convenient and, is less time consuming than using resin 

bags (Saggar et at., 1990). Lee and Zheng (1993) found that Cd desorbed by a metal 

chelating exchange membrane was more strongly correlated with plant uptake of Cd 

than Cd extracted with reagents such as O.OIM CaCh or 0.005M DTPA. 

In soils, increasing the length of contact time between soil and sorbed Zn has been 

shown to decrease the subsequent ability of Zn to desorb from the soil (Barrow, 

1986a). Lehman and Harter (1984) and Hogg et al., (1993) found that the magnitude 

of the initial Cu release reaction decreased with increased Cu-soil reaction time. Zinc 

exhibited increased desorption hysteresis with hydrous ferric oxide-Zn ageing (Schultz 

et at., 1987). Kuo and Mikkelson (1980) also found a decrease in the amount of Zn 

desorbed by DTPA with increasing ageing time. Recrystallization of sorbed Zn in soil 

which subsequently increased the bonding strength of sorbed Zn could be responsible 
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for the reduction of Zn desorption by DTP A. Changes in the surface charge and 

crystallinity would be expected to affect the sorption of metal ions (Me2+) with time 

(Kinniburgh et ai., 1975). Schultz et ai., (1987) observed substantial hysteresis in the 

desorption of metal ions including Zn, sorbed to hydrous ferric oxide. They found 

that the magnitude of the hysteresis was dependent on (i) the pH at which the sorption 

process took place (ii) the length of time the sorbent-sorbate mixture was aged, prior 

to the initiation of the desorption process. Lin and Xue (1994), found that values for 

Zn desorption rate constant, k decreased significantly with increasing pH of two soils 

they studied. 

Empirical models can provide some useful parameters for comparing sorption or 

desorption patterns between soils and soil components although they do not 

necessarily provide information about the mechanisms involved. Zinc desorption 

kinetics have been described by a variety of empirical equations. Successful reaction 

controlled kinetics include the two-constant rate equation (Kuo and Mikkelsen, 1980; 

Xue and Huang, 1995) and parabolic double diffusion and simple Elovich equations 

(Dang et at., 1994b). Kinetics of Zn sorption have also been described by the Elovich 

equation (Taylor et aI., 1995b), first order equations (Xue and Huang, 1995), and a 

pseudo first order equation (Lin and Xue, 1994). 

The objectives of this study were (i) to compare the use of ion exchange resin 

membranes with chemical extractants such as 0.01 M Ca(N03h and DTPA for 

stuciying the kinetics of Zn desorption from soils (ii) to study the rate of desorption of 

native and added Zn from soils at different pH levels (iii) to study the effect of contact 

period with the soil on the kinetics of Zn desorption from soils. 

7.2 Theory 

Sorption or desorption of cations by soil occurs predominantly via surfaces that are 

negatively charged, such as organic matter, clay and metal (hydr)oxides. The rate 

limiting reaction occurring during the desorption of Zn using an infinite sink is 

thought to be the release of Zn sorbed or bound at sites on the surfaces of soil colloids 

into the soil solution as Zn2
+ ions, which are then exchanged onto the resin membrane. 
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The desorption behaviour can be explained by considering the following simplified 

diagram. 

(I) 
Soil colloid Soil solution Resin Membrane 

Zn2+ 
Ca2+ Ca2+ 

Cd2+ Zn2+ Mg2+ 
Ca2+ - - Ca2+ 

H+ 
Cd2+ H+ Na+ 

+---+ Ca2+ +---+ 
Ca2+ H+ -

Zn2+ 
Zn2+ 

Ca2+ - - Ca2+ 
Na+ 

Ca2+ 
K+ 

Ca2+ - - Ca2+ 

(II) 

Zn2+ Ml+ 
Ca2+ K+ 

Mg2+ 
Ca2+ Cd2+ 

Na+ K+ Ca2+ 
Ca2+ +--+ +---+ 

H+ Zn2+ 
Na+ 

H+ 
H+ Zn2 - - H+ 

Zn2+ 
H+ 

Ca2+ - - Ca2+ 

Figure 7.1 Schematic sketch of Zn desorption (from soil) procedure using resin 

membrane: (I) Initial state (II) desorption of Zn and other metals from soil. 

The dynamics of the above system are affected by the Zn desorption kinetics of the 

soil or soil. constituents involved, by any backward sorption reactions (resorption of 

Zn) and by the transport of Zn onto the resin membrane. In soil solution, the majority 

(78-97%) of Zn is present as Zn2+ ion (Holm et ai., 1995). Assuming that only the 

free divalent Zn2+ ions exchange onto the resin membrane, the equilibrium 

distribution between the resin and the solution can be described by the distribution 

coefficient kd• 

[Zn2+] 
~ = Re~n 

(Zn2+) 
Solution 

where [ Zn2+]Resin is defined as the concentration of Zn2+ in the resin phase and 

( Zn2+)solution is defined as the Zn2+ activity in the soil solution. 

The resin membranes (both ion exchange resin membrane and chelating exchange 

resin membrane) have higher affinity for divalent ions than monovalent and other ions 
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and complexes. It can selectively sorb heavy metals (such as Zn) at the presence of 

common metal cations (such as Ca, Mg and K) in the soil solution (Figura and 

McDuffie, 1977; 1979). The affinity is approximately 5000 to 1 in case of chelex 

chelating ion exchange resin membrane (Bio-Rad labs.). The selectivity factor, which 

is a quantitative measure of the affinity that a resin displays for a particular cation, is 

high for Zn2
+. As Zn2

+ is desorbed from the soil solid phase into soil solution it is 

quickly removed by the resin membrane, therefore, Zn2
+ concentrations in soil 

solution at any time during the reaction remain negligibly low. Hence there is little 

chance for backward sorption reactions to occur. 

7.3 Materials and methods 

Two soils, Selwyn and Takahe from the Canterbury Plains, New Zealand were used to 

study the kinetics of native Zn desorption. Some of the physico-chemical properties 

of these soils are presented in Table 7.1. 

Table 7.1 Soil Characterization of Experimental soils 

Characteristic Selwyn Takahe 

Texture Loam Silt loam 

pH 5.9 (Original) 5.8 (Original) 
4.4 (Treated) 4.3 (Treated) 

CEC (cmols kg·l) 8.50 11.67 

Org. Carbon (%) 2.66 3.12 

DTPA· Zn (JIg g.t soil) 1.53 3.73 

Fe oxide (%) 1.17 1.41 

Al oxide (%) 0.70 0.59 

Mn oxide (JIg g.l) 73.4 47.1 

Total Zn (JIg g.t) 77.6 70.9 

7.3.1 Desorption of native soil Zn using different reagent solutions 

Kinetics of Zn desorption from Selwyn and Takahe soils were determined by 

equilibrating the soils with (I) a dilute weak electrolyte solution i.e. 0.01 M Ca(N03)z 

and (II) a metal chelating extractant i.e. 0.005M DTP A. 
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Duplicate air dried samples (5 g) of the soils were shaken with 30 ml of 0.01 M 

Ca(N03h for periods of 0.5, 1, 1.5, 2, 4, 8, 16, 24, 48, and 72 h at 20 DC on an orbital 

shaker at 220 rpm. After shaking, the soil suspensions were centrifuged at 10,000 rpm 

for 10 min, the supernatants were filtered through Whatman No. 42 filter paper, and 

the filtrates were analysed for Zn on a flame atomic absorption spectrophotometer at 

293.9 nm wavelength. 

(ii) 0.005 M DTPA: 

Ten gram of the air dried soil samples (in duplicate) were extracted with 20 ml 

0.005M DTPA solution (Lindsay and Norvell, 1978) for the different periods of 

reaction time as previously described for 0.01 M Ca(N03)2. After shaking, the soil 

suspensions were centrifuged, filtered and analysed as described above. 

7.3.2 Desorption of native soil Zn using resin membranes 

The infinite sink used for Zn desorption consists of commercially available ion 

exchange resin membrane (synthetic Na+form 12.5 cm square resin sheets, which 

were cut into strips 6.25 x 2.5 cm2 and thus each strip having a reactive surface of 

31.25 cm2) and chelating ion exchange resin membrane (4.7 cm diameter round Na + 

fo11l). membranes) = WItt, e.)C~~ C!.A.f1>~e.c:i (') 'SO "-L\ 11Me.a.-'-~I1e. -

The ion exchange resin membranes (IERM) were converted to the NH/ form, first by 

shaking them twice in 3 M HCI for an hour (approximately 10 ml per membrane strip 

per shaking) followed by shaking the membranes twice in an excess of NH3 ( :::: 0.5 ml 

concentrated NH3/9.5 ml H20) for an hour. Lastly the membranes were shaken twice 

in 1 M NH4Cl (approximately 10 ml per membrane strip per shaking) for an hour. 

The chelating ion exchange membranes (CERM) were converted to the Ca2+ form 

before use. After immersing the CERM (N a + form) in deionised water for 2 days, the 

membranes were shaken twice with 20 ml2M HCl followed by 20 mllM NaOH and 

lastly twice with 20 mllM CaCh each time for an hour. 
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Both the IERM and CERM were rinsed with deionised water before switching over to 

different solutions during their conversion to N~ + and Ca2
+ fonns respectively. After 

rinsing the membranes in deionised water, they were stored in deionised water. 

(a) Ion Exchange Resin Membrane (lERM): 

Duplicate samples of 4 g sieved « 2 mm) soil, 24 ml of deionised water and one strip 

ofIERM (in a 50 ml centrifuge tube) were shaken for 2,5,10,20,30,45,60,90,120, 

150, 180,210, 240 minutes on an orbital shaker. The resin membrane was recovered, 

rinsed thoroughly with deionised water and transferred into a tube containing 24m1 

1M HCI solution. The tube was then shaken for one hour to displace Zn from the 

membrane into the 1 M HCI solution. Zinc in the solution was analysed by atomic 

absorption spectroscopy. 

The used membranes were regenerated, by shaking the membranes with 10 m13M 

HCI for an hour to remove any other cations remaining on the membrane and then 

resaturated with NH4 + by treating the membranes with 10 ml NH40H and then twice 

with 10 m1 NH4CI respectively. 

(b) Chelating Ion Exchange Resin Membrane (CERM): 

Desorption studies similar to that for IERM, were also carried out using CERM. These 

membranes were regenerated after use, by shaking them with 20 ml 2M HCI followed 

by 20 ml 1M NaOH and then twice with 20 ml 1M CaCh each time for an hour. 

7.3.3 Desorption of added soil Zn using resin membranes 

The desorption of added Zn (6 /lg g-l soil) using two types of membranes were 

examined similarly as for the native soil Zn desorption described in section 7.3.2 but 

after an initial sorption of Zn by soil samples in the presence of a background 

electrolyte, 0.01 M Ca(N03h. 
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7.3.4 Effect of pH on Zn desorption 

Soil pH is an important variable controlling sorption / desorption of metals such as Zn 

in soils (see Chapter 5). A decrease in soil pH e.g. from 6 to 4.5 may significantly 

increase soil Zn in solution. Soil pH in the rhizosphere can be altered substantially by 

plant roots, sometimes a decrease of more than two soil pH units can occur within two 

days (Fischer et ai., 1989). Hence, native and added Zn desorption were studied at 

natural soil pH :::::5.8, and at pH :::::4.4 (lowered by addition of IN HN03 in both the 

Selwyn and Takahe soils and incubating them at 25 DC and 75 % field capacity until 

pH of the soils become stable). 

7.3.5 Effect of contact period on desorption of added Zn 

The effect of contact period on subsequent desorption of added (6 ~g g-l soil) Zn was 

determined in an incubation experiment (25 DC, 75 % field capacity) with both the 

Selwyn and Takahe soils. Sub samples were taken after 7,30,60 and 120 days of 

contact of Zn with the soil. The soil moisture was maintained at 75% field capacity 

before and after taking the sub samples. The Zn desorption using two types of resin 

membranes was determined as described above. 

7.3.6 Kinetic Models used in the study 

An ~ay of kinetic models was used to describe Zn desorption from Selwyn and 

Takahe soils, at pH values mentioned above, using the two types of resin membranes: 

7.3.6.1 Zero-order Model 

For the zero order kinetic model, reaction rate is independent of reactant and product 

concentration. To describe Zn desorption kinetic data the zero order model can be 

written as 

[7.1] 

where 
qt is the quantity of Zn2+ desorbed (~g g-! soil) into the solution phase at time t (sec), 

qD is the total desorbable Zn (~g g-! soil) sorbed on the soil at time (t) = 0 
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ko is zero order constant and has units Ilg Zn g-l sec-I 

However, since Zn desorption kinetics are known to depend on the concentration of 

desorbable Zn, some authors consider it inappropriate to describe kinetics using the 

zero-order model (Pavlatou and Polyzopoulos, 1988). 

7.3.6.2 First-order Model 

The first-order reaction model assumes that the rate of Zn desorption is proportional to 

the concentration of Zn sorbed by the soil colloids. 

dq/dt = k( qo-qt) 

On Integration 

qt/qo = 1 - exp( -kt) 

where 

k is first order rate constant (sec-I) 

7.3.6.3 Pseudo First-order Model 

[7.2] 

[7.3] 

This model has been applied to sorption of anions and cations by soils (Sparks and 

Jardine, 1984; Aharoni and Sparks, 1991). To describe the Zn desorption kinetic data 

the pseudo first-order model can be written as 

where 

qtlqo = 1 - ~ exp( -at) [7.4] 

qt is the quantity of Zn2
+ desorbed into the solution phase at time t (sec), 

qo is the total desorbable Zn sorbed on the soil at time (t) = 0 sec 

a is pseudo first order rate constant (sec-I) 

~ is a constant, which in a true first order model must be equal to 1. 

Both qt and qo have units Ilg Zn g-I. 

7.3.6.4 Simultaneous first-order Model 

This model has been applied to N mineralization data from soils amended with 

sewage sludge by Boyle and Paul (1989). To describe the Zn desorption kinetic data 

the simultaneous first-order model can be written as 



where 
qt is the quantity of Zn2+ desorbed (/lg g-l) into the solution phase at time t 

(sec), 
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qo = (qo J + qo 2) is the total desorbable Zn sorbed on the soil at time (t) = 0 sec 

where qOI and q02 are the quantities of Zn2
+ desorbed (Ilg g-l), and kJ and k2 are 

first order rate constants associated with two reactions of different rates 

occurring simultaneously (sec-I) 

7.3.6.5 Two-Constant Rate Model 

This model was derived from the Freundlich adsorption equation by Kuo and Lotse 

(1974), and assumes that quantity of Zn desorbed into the soil solution is proportional 

to a fractional power of the reaction time. 

[ 7.6] 

According to Jopony and Young (1987), although the physical-chemical significance 

of the two parameters, k and lin, is unclear; lin may be regarded as a rate coefficient. " 

The value of lin is always < 1. The applicability of equation 7.6 can be verified by 
If! 

plotting In q vs.~, which should be linear. 

7.3.6.6 The Elovich Model 

This model was first applied to P sorption and release in soils by Chien and Clayton 

(1980) and was also used for Zn desorption kinetics by Dang et ai., (1994b). 

It can be written as 

qt = 1I~ In(t+to) + 1I~ In to 

where J3 is Zn desorption constant 

". to is integration constant. 

7.3.6.7 The Parabolic diffusion Model 

[7.7] 

This model has been used to describe the decrease in extractability with time of Zn 

added to a calcareous soil by Ma and Vren (1996b). To describe the Zn desorption 

kinetic data the parabolic diffusion model can be written as 



[7.8] 

A and B are constants where B = Jrc.J~ 

The ~ is the relative diffusion rate coefficient with D as the diffusion 
r 

coefficient and r is the radius of soil particle. 
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The rate controlling step of Zn desorption processes with kinetics conforming to the 

parabolic diffusion model is thought to be diffusion of Zn ions, either from the interior 

of soil particles to their surface or away from the surface into solution. 

7.3.6.8 Curve fitting procedure 

Equations 7.1 to 7.7 may be fitted to individual data sets by optimising values of qo, 

rate constants of respective models and other constants, if any. For fitting Equation 

7.8, qo was set at the determined value for DTPA-extractable Zn (~g g-l) in case of 

native Zn desorption, and the observed amount of Zn sorbed for added Zn desorption. 

The fit of kinetic models was evaluated through a non-linear regression procedure in 

Sigma Plot Scientific graphing software program. To specify the equation and data to 

be fitted, the equations, parameters (coefficients and constants), and dependent and 

independent variables were typed into the Curve Fit Equations edit box under the 

appropriate headings. In addition to the equation and parameters, one can specify 

parameter constraints. On executing the fit, the program will run many iterations 

(default 100; which can be increased or decreased), and will present the results for the 

best fit. Sigma Plot provides parameter and r2 values for its automatic regression 

calculations. The choice of the equation, that best described desorption of Zn from 

two soils, among others investigated was based on relatively high values of the 

coefficient of determination (r2) and low standard errors (Chien and Clayton 1980; 

Havlin et al. 1985). The standard error was calculated as follows: 

[7.9] 
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Where qt and qt' are the measured and calculated amounts of Zn des orbed from soil at 

time t, respectively, and N is the number of measurements (Steel and Torrie, 1960). 

7.4 Results and discussion 

7.4.1 Native Zn desorption using extractants 

The main advantage of using O.OIM Ca(N03h as an equilibration solution is that, 

being a weak salt solution, it simulates the natural soil conditions. The amounts of Zn 

desorbed (/lg Zn gol soil) as a function of time from the Selwyn and Takahe soils at 

normal soil pH (5.8) are given in Table 7.2. 

Table 7.2 Kinetics of Zn desorption from soils using O.OlM Ca(N03h 

Soil Zn desorbed (J.lg g.1) after 
1I2h 1 h 2h 4h 8h 24h 72h 

Selwyn A 0.384 0.396 0.388 0.397 00408 0.396 00402 

Takahe A 0.882 0.881 0.906 0.904 0.886 0.886 0.892 

Zinc desorption appears to be complete within first 30 minutes in both the soils as 

there was not any change in Zn desorbed after that time. Zinc concentrations des orbed 

from the Selwyn and Takahe soils by 0.01 M Ca(N03h after 30 minutes were 0.384 

and 0.892 /lg got soil respectively (Table 7.2). Similar levels of desorbed Zn were 

obtained after 72 h, indicating the unsuitable nature of the Ca(N03h extractant to 

study Zn desorption kine~ics in a batch system: 

7.4.1.2 O.005M nTPA 

Some workers (Dang et al., 1994b and Kuo and Mikkelsen, 1980) have used 

chelating reagents such as DTP A and EDT A to study the kinetics of Zn desorption 

from soils using a batch technique. After the unsuccessful attempt to study Zn 

desorption kinetics with a weak salt solution, we tried the cheiating reagent O.005M 
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DTP A for the same purpose. The amounts of Zn desorbed as a function of time from 

the Selwyn and Takahe soils (pH =5.8) using 0.005 M DTPA are given in Table 7.3. 

Table 7.3 Kinetics of Zn desorption from soils using O.005M nTPA (pH 7.3) 

Soil Zn desorbed (,..g gO!) after 
1I2h 1 h 2h 4 h 8h 24 h 72h 

Selwyn A 1.23 1.33 1.53 1.64 1.76 1.90 2.12 

Takahe A 3.20 3.50 3.79 3.97 4.11 4.15 4.15 

Zinc concentrations extracted by 0.005M DTPA after 30 minutes were 1.23 and 3.20 

Ilg g-} soil which increased to 2.12 and 4.15 Ilg g-! soil respectively after 72 h (Table 

7.3). Though it appeared possible to carry out kinetic studies using DTPA, the ability 

of DTP A to realistically simulate desorption of Zn from the solid soil phase into soil 

solution is questionable. 

7.4.2 Recovery of Zn from resin membranes 

Before studying Zn desorption as a function of time from soils using resin membranes, 

a preliminary study was carried out to determine the sorption and recovery of Zn from 

the resin membranes. A known volume of solutions containing Zn concentrations 1, 3 

and 5 Ilg mr! and a strip of each of the resin membranes (IERM and CERM) were 

shaken for an hour. Resin membranes were transferred to tubes containing 1 M HCI 

solution and shaken for an hour to remove Zn from the membranes back into the 

solution. This study showed that Zn could be sorbed and quantitatively recovered (95-

98% ) from both types of resin membrane (a simple ion exchange resin membrane and 

a chelating exchange resin membrane). The high recovery of Zn from both the 

membranes and the reuse of spent membranes by regeneration makes this method 

extremely efficient compared with chemical extractants such as 0.01 M Ca(N03)2 or 

0.005 M DTP A. The other advantage of resin membranes for studying the Zn 

desorption kinetics over chemical extract ants is the omission of centrifugation and 

filtration steps which sometimes become long compared to the required reaction 

times. 
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7.4.3 Native soil Zn desorption using resin membranes 

Native soil Zn desorption kinetic curves using ion exchange resin membranes (IERM 

and CERM) for the Selwyn and Takahe soils at two different pH values are shown in 

Figures 7.2 and 7.3. During reaction periods from 0.120xIQ3 to l4.4x1Q3 s with the 

IERM as the permanent sink, the amount of Zn desorbed from both the soils increased 

with time. The rate of desorption of native Zn was rapid initially and gradually 

declined with time in both soils with exception for Selwyn soil (pH =5.8) (Figure 7.2). 

The patterns of Zn desorption from the two soils by CERM were very similar to those 

by IERM, except that greater amounts of Zn could be des orbed from the soils using 

CERM. The amount of native Zn desorbed by CERM was nearly double than that 

desorbed by IERM. This could be due to the stronger attraction of Zn and other 

cations by CERM compared with IERM. Zinc, like other micronutrients, is mainly 

specifically sorbed at the surface of an inorganic and organic soil colloids. Sposito 

(1984) categorized surface complexes into two groups, outer sphere complexes and 

inner sphere complexes. Outer sphere complexes involve electrostatic bonding 

mechanism and therefore are less stable than inner-sphere complexes, which involve 

either ionic or covalent bonding and sometimes combination of both. Desorption of 

Zn2
+ from soils has been characterized as a combination of fast and slow reactions 

(Kuo and Mikkelsen, 1980). This suggests that as a result of the stronger attraction of 

Zn from soil solution by CERM, following desorption of Zn2+ ions from outer sphere 

complexes, Zn2
+ from inner sphere complexes start to desorb until the Zn2

+ remaining 

in the soil is held by forces stronger than the sorbing force of the membrane. 

The rate of Zn desorption was faster in the Takahe soil as compared to the Selwyn soil 

at both the pH values. At pH =5.8, Zn desorbed from the Selwyn soil after 4 h of 

shaking with IERM was only 44.2 % of the Zn desorbed from the same soil by 

CERM. After the same period of shaking and at a similar pH, Zn desorbed from the 

Takahe soil by IERM was 64.8 % of the Zn desorbed by CERM, indicating that Zn 

was held more strongly by the Selwyn soil as compared with the Takahe soil. 

However, relatively small proportions of native soil Zn could be desorbed using either 

type of membrane. In the case of the Selwyn soil, 0.37 % of total native Zn was 

desorbed during a 4 h desorption period using IERM and 0.73 % using CERM. The 
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corresponding values for the Takahe soil at pH :::::5.8 were 1.5 and 2.26~. Zinc 

desorbed by JERM after 4 h was 72 to 88 % of the amount desorbed by O.OlM 

Ca(N03h after the same reaction time. However, Zn desorbed by CERM was only 

40 % of the DTPA-extractable Zn. Higher amounts of Zn in DTPA extraction could 

be due to dissolution of some of soil constituents such as solid organic matter and Fe 

oxides and hence Zn associated with them will also come into the solution. It is 

interesting to note that amounts of native Zn desorbed from both the Selwyn and 

Takahe soils (at original pH values) using CERM after 4 h were very siinilar to their 

respective cumulative Zn desorbed (5 desorptions) using 0.01 M Ca(N03h (Table 

3.2). 

At pH :::::4.4, both soils desorbed more native Zn as compared with at pH :::::5.8 (Figures 

7.2 and 7.3). In the case of the Selwyn soil (pH :::::4.4), 0.86 % of total native Zn was 

desorbed during a 4 h desorption period using IERM and 1.88 % using CERM. The 

corresponding values for the Takahe soil at similar pH were 1.95 and 3.85 %. Zinc 

desorbed from the Selwyn soil after 4 h of shaking with IERM was 45.7 % of that Zn 

des orbed by CERM. After the same time of shaking and at a similar pH, Zn des orbed 

from the Takahe soil by IERM was 50.6 % of that of Zn desorbed by CERM. This 

indicates that in the Selwyn soil, although Zn des orbed by both types of membranes 

increased with decreasing soil pH, the proportion of Zn sorbed on high energy sites 

and low energy sites remained nearly the same. However, in the case of the Takahe 

soil, with decreasing soil pH a relatively larger proportion of Zn was desorbed from 

low energy sites. 

7.4.4 Added soil Zn desorption using resin membranes 

The kinetics of added soil Zn (6 Jlg got soil) desorption from the Selwyn and Takahe 

soils were also investigated using batch methods involving the two types of ion 

exchange resin membranes. As expected, much higher proportions of recently sorbed 

Zn could be desorbed using both types of membrane compared to the native Zn 

desorption (Figures 7.4 and 7.5). Greater amounts of added Zn were sorbed by the 

two soils at pH :::::5.8 as compared to pH:::::4.4 (Table 7.4). Added Zn desorbed at any 
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time was calculated by subtracting native Zn from the corresponding (added + native) 

Zn (Tables Appendix 7.1 to 7.3). As for native Zn desorption, greater amounts of 

added Zn could be desorbed from the soils using CERM compared with IERM. 

Table 7.4 Zn sorbed by soils at different pH values 

Soil 

Selwyn 

Takahe 

Zn sorbed (Ilg g-l soil) 

pH :=5.8 pH :=4.4 

4A8 2~3 

3.90 1.92 

At pH =5.8, for the Selwyn soil after 4 h of shaking with IERM, 16 % of sorbed Zn 

was desorbed back into the soil solution while for the Takahe soil under similar 

conditions, 20 % of sorbed Zn was desorbed back into the soil solution. The 

corresponding CERM desorbable Zn values were 38 % for the Selwyn soil and 55 % 

for the Takahe soil. At pH =4.4, nearly 29 % of Zn sorbed by the Selwyn soil was 

desorbed back using IERM after a 4 h of desorption period, however, 52 % of Zn 

sorbed by the Selwyn soil was desorbed back into the solution after a 4 h of desorption 

period using CERM. For the Takahe soil (pH =4.4),40 % and 96 % of sorbed Zn 

were desorbed back (after a 4 h desorption period) using IERM and CERM 

respecti vely. 

In general, the Selwyn soil has a relatively higher Zn sorbing capacity and hence 

desorbed lower proportions of the added Zn compared with the Takahe soil using 

CERM at both higher and lower pH values. However, similar amounts of added Zn 

were des orbed using IERM; from the two soils at both pH values (Table Appendix 

7.3). 

7.4.5 Kinetics of native Zn desorption from soils 

Many differerit equations have been used to analyze the kinetics of ion desorption 

from soils and soil components (Skopp, 1986; Sparks, 1989). In the present study, 

excellent fits were obtained and r2 values were> 98 % using simultaneous first-order 

and pseudo first-order models in all the Zn desorption cases studied (Tables 7.5 - 7.8). 
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Table 7.5 Coefficient of determination (r2) and standard error of the estimate (SE) of various 
kinetic models for native Zn desorption from the Selwyn soil using IERM 

pH 4.4 pH 5.9 

Kinetic model r2 SE r2 SE 
Ilg Zn g-l Ilg Zn g-I 

Zero-order 0_693 0-108 0_995 0.007 

First-order 0_969 0_045 0_991 O-Ol4 

Pseudo first-order 0_991 0.019 0.996 0.006 

Two constant rate 0_942 0.048 0.992 O-OlO 

Parabolic diffusion 0.867 0.071 0.962 0_020 

Elovich 0_987 0_022 0_781 0.047 

Simultaneous first order 0_998 0.008 0.996 0.006 

Table 7.6 Coefficient of determination (r2) and standard error of the estimate (SE) of various 
kinetic models for native Zn desorption from the Selwyn soil using CERM 

pH 4.4 pH 5.9 

Kinetic model r2 SE r2 SE 
Ilg Zn g-I Ilg Zn g-I 

Zero-order 0.822 0.179 0.956 0.032 

First-order 0_962 0.121 0.761 0_107 

Pseudo first-order 0.994 0_032 0.987 0.017 

Two constant rate 0.977 0.064 0.941 0.038 

Parabolic diffusion 0.949 0.096 0.979 0.022 

Elovich 0.963 0.082 0.847 0.060 

Simultaneous first order 0.994 0.031 0.987 O-Ol7 
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All the other models used also gave relatively high coefficients of determination 

except the zero order model which gave the poorest fit in most of the cases. The good 

fits of the various kinetic models may be attributed to the heterogeneity of the soil 

system with different reactions taking place simultaneously. The various fits for 

native Zn desorption from the Takahe soil (pH 5.8) using IERM are shown in Figure 

7.6. Similar fits were obtained for the Takahe soil at pH 4.4 for native Zn desorption 

using CERM and native Zn desorption from the Selwyn soil. Griffin and Burau 

(1974) reported the successful use of the pseudo first order rate equation to describe 



Table 7.7 Coefficient of determination (r2) and standard error of the estimate (SE) ofvarious 
kinetic models for native Zn desorption from the Takahe soil using IERM 

pH 4.4 pH 5.9 

Kinetic model rZ SE r2 SE 
Ilg Zn gO) Ilg Zn gO) 

Zero-order 0.681 0.237 0.983 0.052 

First-order 0.982 0.068 0.993 0.034 

Pseudo first-order 0.991 0.040 0.993 0.034 

Two constant rate 0.931 0.113 0.989 0.042 

Parabolic diffusion 0.857 0.159 0.965 0.074 

Elovich 0.986 0.049 0.788 0.182 

Simultaneous first order 0.998 0.019 0.993 0.034 

Table 7.8 Coefficient of determination (r2) and standard error of the estimate (SE) of various 
kinetic models for native Zn desorption from the Takahe soil using CERM 

pH 4.4 pH 5.9 

Kinetic model r2 SE rZ SE 
Ilg Zn g

ol 
Ilg Zn g

ol 

Zero-order 0.795 0.382 0.933 0.144 

First-order 0.969 0.195 0.982 0.103 

Pseudo first-order 0.990 0.086 0.992 0.049 

Two constant rate 0.975 0.137 0.982 0.075 

Parabolic diffusion 0.937 0.212 0.982 0.074 

Elovich 0.987 0.098 0.878 0.194 

Simultaneous first order 0.996 0.053 0.992 0.049 
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the kinetics of boron desorption from soils. Dang et al. (1994b) described Zn 

desorption from vertisols adequately using the parabolic double diffusion, the two

constant rate and simple Elovich equations. Close fits with the two constant rate 

model has also been reported for the kinetics of Zn desorption from soils using DTP A 

(Kuo and Mikkelsen, 1980). 
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An equation fitted to experimental data is considered to describe the rate of a 

particular sorption / desorption process, or at least the rate controlling step of that 

process. However, since rate constants calculated from desorption data are dependent 

on the method used to measure desorption (Sparks et ai., 1980), the optimised rate 

constant values should be regarded as apparent rate constants (Skopp, 1986). The 

native Zn desorption data using two types of resin membranes from the Selwyn and 

Takahe soils (pH .:4.4, pH =5.8) were initially analyzed to see if they could be defined 

by a single first order reaction. The first order kinetic equation gave high r2 values 

(>0.962) in all the cases except in the Selwyn soil at pH =5.8 where r2 was 0.76. 

However, the pseudo first order and simultaneous first order models improved r2 

values and decreased SE values (Tables 7.5 to 7.8) which suggested a possibility of at 

least two first order reactions are taking place at the same time during desorption of 

Zn from the Selwyn and Takahe soils, irrespective of their pH. Diffusion has been 

proposed as one of the mechanisms operating in the movement of micronutrients to 

the plant root surfaces (Ellis et ai., 1983). Dang et ai. (1994b) concluded that at least 

two particle diffusion mechanisms were involved in Zn desorption from Vertisols. In 

this study good fits were obtained with the single parabolic diffusion model. 

The optimised parameters for the various native Zn desorption experiments, as 

described by the simultaneous first order, pseudo first order and parabolic diffusion 

model, are shown in Table 7.9. In the Selwyn and Takahe soils, with the increase in 

soil pH from.:4.4 to =5.8 the respective native Zn desorption rate constants decreased 

for all the fitted models irrespective of the type of membrane used (Table 7.9). This 

was true for the native Zn desorption using either type of membrane. This shows that 

the higher the pH, the slower the Zn desorption rate. Lin and Xue (1994) also showed 

a significant decrease in rate constants of Zn sorption with an increase in pH from 4.5 

to 6.5; the range of pH in which we studied Zn desorption. 

For the simultaneous first order model, the values for the native Zn desorption rate 

constants varied from 0.01IxlO-3 sec-!, for the Selwyn soil at pH =5.8 using IERM, to 

25.29xlO-3 sec-! for the same soil at pH 4.4 using CERM (Table 7.9). The values for 

k2 were generally an order of magnitude less than for k!. The desorbable Zn (qOl) 



Table 7.9 Values of the rate constants for the kinetic models that best described Native Zn desorption by resin membranes from two soils. 

Soil Resin Pseudo First-order kinetic Model 

membrane 

qo a ~ 

(pH :04.4) pg g-I soil 10-3 sec-I 

Selwyn IERM 0_656 0533 0.812 

CERM 1.426 0.316 0.788 

Takahe IERM 1.330 0580 0.870 

CERM 2.708 0.354 0.824 

(pH =5.8) 

Selwyn IERM 1.162 0.019 0.981 

CERM 0.779 0.099 0.683 

Takahe IERM 1.980 0.053 1.001 

CERM 1.870 0.141 0.900 

Simultaneous First-order Model 

qo· ql k. k2 

pg t l 
soil ____ 10-3 sec-I ----

0.194 0.469 5.862 0.434 

0.349 1.088 25.289 0.312 

0.604 0.766 2.170 0.324 

0.895 1.916 3.310 0.247 

0.022 1.212 2.488 0.011 

0.247 0532 9.60 0.071 

0.755 1.261 0.052 0.052 

0.188 1.683 1.687 0.136 

Parabolic diffusion 

A D/r2 

sec -I 

0.128 8.17x10-7 

0.199 4.22x10-6 

0.096 6_27xl0-7 

0.144 2.78xlO-6 

2.1xlO-1O 1.73xl0-7 

0.120 5.46xl0-7 

5.2xlO-1O 3.70xlO-7 

1.82xlO-3 1.26xlO-6 

........ 
VJ 
~ 
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associated with faster reaction rate (kI) formed comparatively a smaller proportion 

than desorbable Zn (qo 2) associated with slower reaction rate (k2) of total desorbable 

Zn (qol + Q02) in both soils. However, the proportions of desorbable Zn associated 

with the faster reaction (qo I as percent of qo) were lower with the Selwyn compared to 

the Takahe soiL Higher native Zn desorption rates (ki and k2) were observed using 

CERM as compared with IERM at both pH levels (pH :::4.4 and :::::5.8) indicating 

comparatively faster Zn desorption in the presence of chelating resin. The total 

desorbable Zn (qo I + qo 2) were also higher using CERM than using IERM in both soils 

at pH :::4.4. At pH :::::5.8, the reverse was true but higher proportions of desorbable Zn 

were associated with slower reactions as compared with native Zn desorption from the 

two soils at pH :::4.4. (Table 7.9). 

For the pseudo first order model, the predicted native Zn desorption rate constants 

varied from 0.019x10-3 to 0.58><10-3 sec-I. The rate constants were comparatively 

higher for Zn desorption using CERM than Zn desorption using IERM in both soils at 

pH :::::5.8. At pH :::4.4, although higher amounts of Zn were desorbed (higher qo) using . 

CERM as compared to IERM, the pseudo first order model showed comparatively 

slower Zn desorption rates than using IERM. This may be because Zn is less tightly 

bound at lower pH and hence the relative affinities of the membranes for Zn may be 

relatively unimportant. The total desorbable Zn predicted (qo) was similar to that 

(qo I +qo 2) predicted by the simultaneous first order model. 

The parabolic diffusion model, which considers that Zn desorption reaction is 

diffusion controlled, also gave fairly good fits for native Zn desorption from the 

Selwyn and Takahe soils, using either type of membrane, at both pH values (Tables 

7.5 to 7.8). The values for relative diffusion rate coefficients associated with native 

Zn desorption (D/r2) varied from 1.73xlO-7 sec-I for the Selwyn soil at pH 5.9 using 

IERM, to 4.22x10-6 sec-I for the same soil at pH 4.4 using CERM (Table 7.9). Dang 
b 

et al. (1994) found that relative diffusion rate coefficients (D/r2; calculated) for native 

Zn desorption kinetics for the Vertisols, as described by a parabolic double diffusion 

rate model, ranged from 2.23xlO-9 to 1.33xlO-6 sec-I. Melton et al. (1973) and Clark. 

and Graham (1968) reported relatively higher values for relative diffusion rate ' 
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coefficients for the soils having pH less than 7.0 than those which have pH higher 

than that. The higher values for relative diffusion rate coefficients for the soils in the 

present study could be due to comparatively lower soil pH compared to the Vertisol 

study (Dang et al., 1994b). Relative diffusion rate coefficients associated with native 

Zn desorption from the two soils at both pH levels using CERM were higher than 

using IERM indicating stronger attraction of Zn ions for CERM than IERM. This is 

similar to the results of Metwally et al. (1991) who found that the addition of 

chelating agent such asEDTA-i~gelyi~~~~ased the rate of diffusion of Zn from soil 

by creating larger concentration gradients. 

7.4.6 Kinetics of added Zn desorption 

The first order and the pseudo first-order models best described added Zn desorption 

from the Selwyn and Takahe soils at both pH values, using either type of membrane 

(Tables 7.10-7.13). The simultaneous first order model followed these models. 

Table 7.10 Coefficient of determination (r2) and standard error of the estimate (SE) of various 
kinetic models for added Zn desorption from the Selwyn soil using IERM 

pH 4.4 pH 5.9 

Kinetic model r2 SE r2 SE 
J.lg Zng- I J.lgZn g.1 

Zero-order 0.980 0.039 0.902 0.031 

First-order 0.985 0.036 0.993 0.022 

Pseudo first-order 0.988 0.030 0.997 0.014 

Two constant rate 0.984 0.036 0.985 0.030 

Parabolic diffusion 0.963 0.053 0.984 0.031 

Elovich 0.924 0.078 0.994 0.019 

Simultaneous first-order 0.988 0.030 0.997 0.014 

The similarity in the pseudo first order model and first order model in describing 

added Zn desorption can be noticed from amounts of maximum desorbable Zn (qo) 

and reaction rates (k) which were very similar in both models (Table 7.14). Also the 

~ values were:; 1. In the case of the simultaneous first order model, unlike for native 
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Table 7.11 Coefficient of determination (r2) and standard error of the estimate (SE) of various 
kinetic models for added Zn desorption from the Selwyn soil using CERM 

pH 4.4 pH 5.9 

Kinetic model r2 SE r2 SE 
IlgZng-1 IlgZng-1 

Zero-order 0.791 0_228 0.871 0.236 

First-order 0.993 0.047 0.999 0.022 

Pseudo first-order 0.995 0.036 0.999 0.022 

Two constant rate 0.953 0.111 0.971 0.118 

Parabolic diffusion 0.931 0.131 0.972 0.109 

E10vich 0.967 0.091 0.992 0.057 

Simultaneous first-order 0.995 0.035 0.999 0.022 

Table 7.12 Coefficient of determination (r2) and standard error of the estimate (SE) of various 
kinetic models for added Zn desorption from the Takahe soil using IERM 

pH 4.4 pH 5.9 

Kinetic model r2 SE r2 SE 
IlgZng-1 IlgZng-1 

Zero-order 0.929 0.065 0.653 0.167 

First-order 0.962 0.062 0.989 0.030 

Pseudo first-order 0.966 0.064 0.989 0.029 

Two constant rate 0.943 0.078 0.889 0.096 

Parabolic diffusion 0.939 0.084 0.832 0.116 

Elovich 0.905 0.102 0.883 0.097 

Simultaneous first-order 0.962 0.062 0.989 0.030 

Table 7.13 Coefficient of determination (r2) and standard error of the estimate (SE) of various 
kinetic models for added Zn desorption from the Takahe soil using CERM 

pH 4.4 pH 5.9 

Kinetic model r2 SE r2 SE _ .. _-_._----_._---------._------_._-_._-_._----------------.---~----------------.----------------... -"--.. -
. ~~t ~~~ 

Zero-order 0.643 0.385 0.713 00413 

First-order 0.977 0.101 0.992 0.068 

Pseudo first-order 0.978 0.096 0.992 0.068 

Two constant rate 0.876 0.230 0.916 0.230 

Parabolic diffusion 0.818 0.275 0.878 0.269 

Elovich 0.868 0 .. 235 0.925 0.212 

Simultaneous first-order 0.977 0.101 0.994 0.061 



Table 7.14 Values of the rate constants for the kinetic models that best described Added Zn desorption by resin membranes from two SQils 

Soil Resin Pseudo First-order kinetic Model 

membrane 

qo a ~ 

(pH =1.4) pg g-l soil 10-3 sec-! 

Selwyn IERM 1.548 0_049 0_968 

CERM 1.699 0.349 0.945 

Takahe IERM 1.135 0.101 1.065 

CERM 1.833 0.541 0.953 

(pH =5.8) 

Selwyn IERM 0_747 0.197 0.929 

CERM 1.785 0.237 0.997 

Takahe IERM 0.791 0.539 0.978 

CERM 2.068 0.482 1.006 

Simultaneous First-order Model 

qol qo2 kl k:z 

pg g-l soil 10-3 sec-I 

0.575 0.575 0.082 0.082 

1.034 0.521 0.531 0.093 

0.455 0.961 0.064 0.066 

1.096 0.729 0.578 0.593 

0.357 0.357 0.244 0.244 

0.624 1.158 0.241 0.237 

0.691 0.098 0.559 0.552 

1.825 0.500 0.544 0.061 

First-order Model 

qo k 

10-3 sec-I 

1.150 0.082 

1.382 0.392 

1.418 0.065 

1.825 0.584 

0.715 0_244 

1.783 0.238 

0.789 0.559 

2.070 0.476 

Parabolic diffusion 

A D/r2 

sec-I 

3.25xl0-IO 4.30xl0-7 

0.041 1.80xl0-6 

1.08x10-9 9.45xlO-7 

0.183 5.35xlO-6 

4.98xlO-JO 1.76xlO-7 

L93xlO-1O L07xl0-6 

0.034 2.55xlO-7 

0.056 1.99xlO-6 

...... 
Ul 
00 
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Zn desorption, there were no substantial difference in the two reaction rates (kl and 

k2) indicating that the added Zn desorption data follows a single first order reaction 

rather than two or more simultaneous first order reactions. In some cases other 

models such as the parabolic diffusion and two constant rate models also gave 

comparatively good r2 values. However, the parabolic diffusion model appears to 

describe added Zn desorption from the Selwyn soil better than that for the Takahe soil 

(Tables 7.10 to 7.13). 

The rate of added Zn desorption appears to be higher using CERM as compared with 

IERM for all the fitted models at pH =4.4. However, at pH =5.8, the first order 

reaction rates were very similar for added Zn desorption from the two soils using 

either type of membrane (Table 7.14). At pH =4.4, although similar amounts of total 

desorbable Zn were predicted for added Zn desorption using either type of membrane, 

the reaction rates were much slower for IERM as compared with CERM (Table 7.14). 

For the parabolic diffusion model, the values of relative diffusion rate coefficients 

associated with added Zn desorption (D/r2) varied from 1.76x10-7 sec- l for the Selwyn 

soil at pH =5.8 using IERM, to 5.35x10-6 sec- l for the Takahe soil at pH 4.4 using 

CERM (Table 7.14). The first order rate constants and relative diffusion rate 

coefficients, particularly at pH =5.8, were higher for the Takahe soil as compared with 

the Selwyn soil, showing that the Selwyn soil's higher capacity to retain Zn. 

7.4.7 Effect of length of contact period on kinetics of Zn desorption 

The effect of length of contact period of Zn with soil on the rate of added Zn (not 

corrected for native Zn) desorption was studied for the Selwyn and Takahe soils at 

two pH levels. Increasing the length of contact period, from 7 to 30, 60 or 120 days, 

substantially decreased the rate and amount of Zn desorbed from the two soils 

(Figures 7.7 to 7.10). The decrease in amounts ofZn desorbed from two soils using 

both types of membranes is presented in Tables Appendix 7.4 to 7.7. The reduction of 

Zn desorption was greater in the Selwyn soil as compared with the Takahe soil (at pH 

=4.4 and =5.8) and using either type of membrane. At pH =5.8 in the Selwyn soil, 

with an increase in contact period from 7 to 120 days, Zn desorbed using IERM 



:::;-
·0 

ell ..... 
I 
bO 
bO 
:1. ....... 

"0 
~ -e 
0 
ell 
~ 

"0 
0 c 
N 

-0- 7 days 
-0- 30days 
-t::.- 60 days 
----9- 120 days 

2.01 4 
IERM CERM 

1.5 --l 3 

1.0 --l /r/ ~. 2 

0.5 --l rf~ /' 1 

0.0 o 
o 2 4 6 8 10 12 14 16 o 2 4 6 8 10 12 14 16 

Time (1000 sec) 

Figure 7.7 Effect of contact period on kinetics of desorption of Zn from the Selwyn soil (pH :=5.8) 

....... 
~ o 



::::-
·0 
til 

...... 
I co 
co 
:l.. 
'-' 
'"0 

cD -e 
0 
til 
cD 

'"0 
U = N 

-0- 7 days 
-0- 30days 
~ 60days 
-9- 120days 

25 ] 4.51 IERM CERM 

2.0 3.6 ~ _---0---<) 

1.5 -l ,.,? ~ p ~¢ ~ 2.7 

1.0 -l Iv/yf 1.8 

0.5 ] 1 0.9 

0.0 I 0.0 

0 2 4 6 8 10 l2 14 16 0 2 4 6 8 10 12 14 16 

Time (1000 sec) 

Figure 7.8 Effect of contact period on kinetics of desorption of Zn from the Selwyn soil (PH =4.4) 

...... 
~ ...... 



C-
·0 
'" .... 

I 
OIl 
OIl 
:l. 
'-' 
"0 

CI.l -e 
0 

'" CI.l 
"0 
0 
c 
N 

-0- 7 days 
-0- 30days 
-"r- 60 days 
-9- 120 days 

3.0 ., 
6 1 IERM CERM 

2.5 ~ ~ 5 

2.0 -1 /r:O/ / 4 

1.5 -1 ~/ /' 3 

1.0 l ./// 2 

0.5 

0.0 
..,. 

0 I 

0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 

Time (1000 sec) 

Figure 7.9 Effect of contact period on kinetics of desorption of Zn from the Takahe soil (PH ",,5.8) 

~ 

..j::. 
N 



Q 
·0 

en 

I 

bO 
bO 
:l. 
'-' 
"0 
0 -e 
0 
en .g 
C) 
c: 
N 

-0- 7 days 
-0- 30days 
-A- 60days 
-<;r-- 120 days 

4.0 ~ IERM 

3.5 

6 

5 

3.0 

'/.P""~ 4 
2.5 

2.0 -l ~f 3 

1.5 
I;( 2 

1.0 

05 j I 1 

0.0 0 

o 2 4 6 8 10 12 14 16 o 2 4 6 8 10 12 14 16 

Time (1000 sec) 

Figure 7.10 Effect of contact period on kinetics of desorption of Zn from the Takahe soil (pH =4.4) 

I-' 

+>w 



144 

decreased by 16.6 % while Zn desorbed using CERM decreased by 29.2 % (Table 

Appendix 7.4). The corresponding decreases for the Takahe soil were 14.7 % using 

IERM and 18.2 % using CERM (Table Appendix 7.5). At pH 4.4 in the Selwyn soil, 

an increase in contact period from 7 to 120 days caused 23.3 % decrease in amount of 

Zn desorbed using IERM and 38.4 % decrease using CERM after shaking for 4 h 

(Table Appendix 7.6). For the Takahe soil (pH 4.4), the corresponding decreases 

were 11 % using IERM and 17.7 % using CERM (Table Appendix 7.7). The 

reduction in percent Zn desorption was always greater using CERM than using IERM 

in both the Selwyn and Takahe soils and at both pHs. This decrease in Zn desorption 

with increasing contact period could be due to movement of Zn ions from low energy 

sites to the higher energy sites with time as suggested by Lehmann and Harter (1984) 

for soil Cu. Schultz et al., (1987) termed the hystersis observed for Zn and other 

divalent metal cations as slowly reversible sorption and suggested that it was the result 

of (i) formation of a dilute mixed hydrous oxide, (ii) slow diffusion of sorbate into or 

out of the solid (iii) slow restructuring of the solid that depends on the presence of the 

sorbate or (iv) a combination of these. 

For both the Selwyn and Takahe soils (at pH:::4.4 and ::::5.8) and soil-Zn contact time 

(7,30, 60 and 120 days), the zero-order, first-order, parabolic diffusion, pseudo first

order, two-constant rate, simultaneous first-order, and the Elovich equations, as 

mentioned earlier, were fitted to the kinetic data for Zn desorption using both resin 

meinbranes (IERM and CERM) obtained. 

More than one equation described Zn desorption kinetics for the Selwyn and Takahe 

soils after the different contact periods (Tables 7.15 to 7.22). Once again the 

simultaneous first-order, and pseudo first-order models appear to give the best results 

(high r2 and low SE). This was followed by the first order and two constant rate 

models. The parabolic diffusion model only moderately described Zn desorption 

kinetics. With increasing initial sorption period, the parameters obtained from fitting 

either type of kinetic equation to the experimental data could be interpreted as 

indicating a movement of Zn2
+ ions to sites with slower desorption reactions. The 

effect of this decrease in Zn desorption from the Selwyn soil with time can be noticed 

in Figures 7.11 to 7.14. Similar effect was observed for the Takahe soil. 



Table 7.15 Coefficient of determination (r2) and standard error of the estimate (SE) of various kinetic models for Zn desorption from the 

Selwyn soil after 7 days of contact . 

Kinetic model IERM CERM 
pH 4.4 pH 5.9 pH 4.4 pH 5.9 

r2 SE r2 SE r2 SE r2 SE 
Ilg Zn g'l IlgZng·1 IlgZng,l Ilg Zn g"1 

Simultaneous first-order 0.998 0.029 0.998 0.024 0.997 0.073 0.998 0.051 

Pseudo first-order 0.981 0.088 0.995 0.034 0.987 0.141 0.998 0.051 

Parabolic double diffusion 0.988 0.069 0.995 0.033 0.994 0.097 0.984 0.136 

Elovich 0.992 0.059 0.929 0.130 0.967 0.230 0.961 0.212 

First-order 0.977 0.107 0.985 0.085 0.969 0.293 0.992 0.135 

Two constant rate 0.938 0.164 0.995 0.035 0.989 0.133 0.975 0.173 

Parabolic diffusion 0.879 0.223 0.993 0.040 0.975 0.199 0.960 0.215 

Zero-order 0.712 0.344 0.923 0.136 0.871 0.453 0.840 0.430 

...-

..j::. 
VI 



Table 7.16 Coefficient of determination (r2) and standard error of the estimate (SE) of various kinetic models for Zn desorption from the 

SelwYn soil after 30 days of contact • 

Kinetic model IERM CERM 
pH 4.4 pH 5.9 pH 4.4 pH 5.9 

r2 SE r2 SE r2 SE r2 SE 
Jlg Zn g-! Jlg Zn g-! Jlg Zn g-! Jlg Zn g-! 

Simultaneous first-order 0_998 0_023 0.999 0.014 0.998 0.051 0.997 0.077 

Pseudo first-order 0_986 0_064 0.994 0.032 0.997 0.064 0.999 0.026 

Parabolic double diffusion 0.982 0.072 0.998 0.020 0.983 0.148 0.972 0.165 

Elovich 0_987 0_061 0.916 0.125 0.964 0.212 0.964 0.187 

First-order 0.977 0_096 0.979 0.091 0.984 0.207 0.997 0.077 

Two constant rate 0.930 0.146 0.998 0.020 0.975 0_180 0.949 0.228 

Parabolic diffusion 0.859 0.203 0_998 0.021 0.954 0.241 0.922 0.275 

Zero-order 0.681 0.305 0_944 0.102 0.828 0.464 0.775 0.468 

...-
~ 
0'1 



Table 7.17 Coefficient of determination (rz) and standard error of the estimate (SE) of various kinetic models for Zn desorption from the 

SelwYn soil after 60 days of contact • 

Kinetic model IERM CERM 
pH 4.4 pH 5.9 pH 4.4 pH 5.9 

rZ SE rZ SE rZ SE rZ SE 
Ilg Zn g'! Ilg Zn g'! Ilg Zn g'! Ilg Zn g.1 

Simultaneous first-order 0.998 0.020 0.998 0.018 0.993 0.084 0.992 0.111 

Pseudo first-order 0.985 0.057 0.998 0.018 0.994 0.067 0.997 0.054 

Parabolic double diffusion 0.964 0.089 0.995 0.030 0.974 0.143 0.969 0.163 

Elovich 0.974 0.075 0.899 0.134 0.974 0.144 0.959 0.187 

First-order 0.978 0.079 0.987 0.075 0.990 0.114 0.992 0.111 

Two constant rate 0.901 0.150 0.995 0.030 0.935 0.230 0.952 0.208 

Parabolic diffusion 0.804 0.207 0.995 0.030 0.884 0.301 0.925 0.252 

Zero-order 0.616 0.290 0.944 0.099 0.720 0.468 0.783 0.431 

........ 
~ 
--l 



Table 7.18 Coefficient of determination (rz) and standard error of the estimate (SE) of various kinetic models for Zn desorption from the 

Selwyn soil after 120 days of contact • 

Kinetic model IERM CERM 
pH 4.4 pH 5.9 pH 4.4 pH 5.9 

~ SE rZ SE rZ SE ~ SE 
Ilg Zn g-I Ilg Zn g-I Ilg Zn g-I Ilg Zn g-I 

Simultaneous first-order 0_998 0.020 0.999 0.012 0.996 0.049 0.990 0.129 

Pseudo first-order 0.989 0.050 0.999 0.012 0.983 0.099 0.935 0.208 

Parabolic double diffusion 0.983 0.061 0.997 0.023 0.989 0.079 0.983 0.103 

Elovich 0.988 0.053 0.788 0.191 0.988 0.083 0.911 0.234 

First-order 0.979 0.085 0.995 0.042 0.977 0.130 0.991 0.106 

Two constant rate 0.934 0.124 0.997 0.028 0.955 0.167 0.983 0.104 

Parabolic diffusion 0.864 0.175 0.968 0.074 0.911 0.228 0.982 0.106 

Zero-order 0.689 0.265 0.997 0.023 0.760 0.374 0.907 0.240 

....... 
~ 
00 



Table 7.19 Coefficient of determination (rl) and standard error of the estimate (SE) of various kinetic models for Zn desorption from the 

Takahe soil after 7 days of contact • 

Kinetic model IERM CERM 
pH 4.4 pH 5.9 pH 4.4 pH 5.9 

rl SE rl SE rl SE r2 SE 
J.1gZng-1 J.1gZng-1 J.1gZn g-I J.1gZn g-I 

Simultaneous first-order 0_999 0_036 1.000 0_014 0.998 0.094 0.996 0.119 

Pseudo first-order 0.991 0.089 0.999 0.024 0.997 0.111 0.997 0.104 

Parabolic double diffusion 0.953 0.202 0.991 0.093 0.984 0.246 0.984 0.238 

Elovich 0.964 0_176 0.934 0.248 0.983 0.254 0.935 0.474 

First-order 0.983 0.143 0.998 0.053 0.992 0.230 0.996 0.140 

Two constant rate 0.889 0.316 0.985 0.123 0.947 0.456 0.978 0.287 

Parabolic diffusion 0.785 0.433 0.987 0.111 0.900 0.609 0.977 0.283 

Zero-order 0.592 0.597 0.903 0.300 0.739 0.984 0.883 0.635 

...... 

.j::>. 
\0 



Table 7.20 Coefficient of determination (r2) and standard error of the estimate (SE) of various kinetic models for Zn desorption from the 

Takahe soil after 30 days of contact • 

Kinetic model mRM CERM 
pH 4.4 pH 5.9 pH 4.4 pH 5.9 

r2 SE r2 SE r2 SE r2 SE 
llg Zn g.! llg Zn g.! llg Zn g.! llg Zn g.! 

Simultaneous first-order 0.997 0.046 LOOO 0.020 0.999 0.054 0.997 0.116 

Pseudo first-order 0.988 0.096 0.998 0.041 0.997 0.094 0.998 0.065 

Parabolic double diffusion 0.948 0-200 0.995 0.065 0.979 0.251 0.980 0.232 

Elovich 0.960 0.176 0.936 0.228 0.981 0.242 0.924 0.448 

First-order 0.980 0.145 0.997 0.068 0.993 0.193 0.997 0.116 

Two constant rate 0.884 0.304 0.990 0.096 0.932 0.466 0.976 0.261 

Parabolic diffusion 0.776 0.416 0.991 0.085 0.876 0.614 0.975 0.257 

Zero-order 0.580 0.569 0.911 0.270 0.703 0.950 0.884 0.556 
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Table 7.21 Coefficient of determination (~) and standard error of the estimate (SE) of various kinetic models for Zn desorption from the 

Takahe soil after 60 days of contact • 

Kinetic model IERM CERM 
pH 4.4 pH 5.9 pH 4.4 pH 5.9 

rZ SE rl SE rZ SE rl SE 
pg Zn g-I pg Zn g-I pg Zn g-I pg Zn g-I 

Simultaneous first-order 0_999 0_028 0_998 0_038 0.998 0_073 0.997 0_105 

Pseudo first-order 0.991 0_084 0_998 0_038 0.998 0_073 0_998 0_078 

Parabolic double diffusion 0_974 0-140 0_988 0_102 0_966 0315 0.979 0.233 

Elovich 0.981 0_119 0_889 0313 0_966 0312 0_919 0-458 

First-order 0_982 0_145 0_998 0_038 0_996 0_135 0_997 0_105 

Two constant rate 0_919 0.253 0_983 0_128 0_918 0-499 0.974 0.263 

Parabolic diffusion 0_835 0354 0.988 0_103 0_865 0_625 0_976 0_250 

Zero-order 0_652 0514 0_934 0.242 0_690 0_947 0_889 0536 
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Table 7.22 Coefficient of determination (~) and standard error of the estimate (SE) of various kinetic models for Zn desorption from the 

Takahe soil after 120 days of contact • 

Kinetic model IERM CERM 
pH 4.4 pH 5.9 pH 4.4 pH 5.9 

~ SE r2 SE r2 SE r2 SE 
Jlg Zn g-t Jlg Zn g-t Jlg Zn g-t Jlg Zn g-t 

Simultaneous first-order 0_998 0.040 0.997 0.044 0.999 0.061 0.992 0.143 

Pseudo first-order 0.990 0.081 0.997 0.043 0.999 0.063 0.993 0.124 

Parabolic double diffusion 0.984 0.104 0.994 0.068 0.969 0.300 0.979 0.214 

Elovich 0.988 0.089 0.843 0.340 0.970 0.298 0.926 0.405 

First-order 0.973 0.171 0.997 0.044 0.998 0.099 0.991 0.157 

Two constant rate 0.939 0.204 0.990 0.089 0.920 0.501 0.975 0.240 

Parabolic diffusion 0.862 0.302 0.985 0.106 0.871 0.617 0.974 0.239 

Zero-order 0.687 0.455 0.969 0.152 0.698 0.945 0.884 0.508 

...... 
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Figure 7.11 Effect of contact period on kinetics of Zn desorption from the Selwyn soil (pH S.S) using IERM 
as described by the first-order kinetic model 
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Figure 7.12 Effect of contact period on kinetics of Zn desorption from the Selwyn soil (PH 5.8) using IERM 
as described by the parabolic diffusion model 
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Figure 7.13 Effect of contact period on kinetics of Zn desorption from the Selwyn soil (pH 5.8) using IERM 

as described by the pseudo first-order model 
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Figure 7.14 Effect of contact period on kinetics of Zn desorption from the Selwyn soil (PH 5.8) using IERM 

as described by the simultaneous first-order model 
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In the Takahe soil, at pH :::4.4 and =5.8, increasing the length of contact time resulted 

in reduction in desorbable Zn (qo) and/or rate constants for the various models fitted 

(Table 7.23). Values of rate constants for the pseudo first-order fit and first order fit 

for Zn desorption, using IERM, were generally smaller at longer contact period (Table 

7.23). The decrease was larger after 60 days of contact. However using CERM, 

although desorbable Zn decreased, no differences in rate constants were observed. 

Generally, the rate constants were comparatively smaller at pH :::=5.8 than at pH :::4.4 

after any length of contact of Zn with soil. In the case of the simultaneous first order 

reaction, larger proportions of desorbable Zn were associated with the slower reaction 

than with the faster reaction (Table 7.23). Using CERM, although the rate ofZn 

desorption associated with the faster reaction increased with the increase in length of 

contact period, desorb able Zn associated with this faster reaction decreased and more 

of the des orb able Zn was associated with the slower reaction. Also the proportion of 

des orb able Zn, at both pH levels and using CERM, associated with the slow reaction 

increased which would certainly explain the observed differences Zn desorption from 

the soils. A simple interpretation of the trends observed with an increased sorption 

period could be movement of Zn ions from outer sphere complexes (lower energy 

sites) on the soil solid surfaces to the inner sphere complexes (higher energy sites) as 

explained by Ma and Uren (1996b). The relative diffusion coefficients of parabolic 

diffusion model decreased with an increase in length of contact period. This could 

result from slower diffusion rates associated with the continuing movement of ions to 

relatively more inaccessible sites in the soil (Barrow, 1986a). 

In case of the Selwyn soil, relative diffusion coefficients of the parabolic diffusion 

model fitted for Zn desorption generally decreased with an increase in the length of 

contact of Zn at both high and low pH values and using both types of membranes 

(Table 7.24). Although pseudo first order, simultaneous first order and first order 

models gave good fits and high coefficients of determinations and also maximum 

desorbable Zn decreased with increasing length of contact of Zn, rate constants did not 

show a clear picture (Table 7.24). However, there can always be uncertainty in 

interpreting optimized rate constant values for discrete site models (Backs et at., 

1995). 



Table 7.23 Effect of contact period on values of the rate constants for the kinetic models that best described Zn desorption by resin 

membranes from the Takahe soil. 

Soil Resin Contact Parabolic diffusion First-order kinetic Pseudo First-order kinetic Simultaneous First-order Model 
membrane period Model Model Model 

Takahe 
(days) A D/r2 qo k qo (l ~ 90

1 ql kl k2 
Ilg Zn g"1 10-3 sec-) Ilg Zn g-1 10-3 sec-) Ilg Zn g-) 10-3 sec-) 

(pH 4.4) IERM 7 0.170 1.11xlO-6 3.015 0.953 3.057 0.741 0.874 1.015 2.077 3.645 0.542 

30 0.165 9.62xlO-7 2.850 0.978 2.890 0.749 0.869 0.988 1.937 3.765 0.534 

60 0.134 1.02xlO-6 2.746 0.807 2.793 0.611 0.865 0.961 1.877 3.271 0.432 

120 0.135 9. 16xlO·7 2.637 0.829 2.705 0.558 0.823 1.046 1.718 3.483 0.373 

CERM 7 0.169 5.36xlO-6 5.631 0.546 5.721 0.448 0.903 1.626 4.210 2.079 0.333 

30 0.168 4.28xl0-6 5.118 0.577 5.184 0.484 0.909 0.914 4.313 4.026 0.423 

60 0.140 4.OlxlO-6 4.861 0.537 4.900 0.480 0.937 0.306 4.593 46.853 0.480 

120 0.120 4. 14xlO·6 4.821 0.509 4.849 0.472 0.957 0.320 4.539 5.408 0.456 

(pH 5.9) IERM 7 l.77xlO·)O 1.31xlO-6 2.707 0.222 2.774 0.199 0.963 0.164 2.648 3.863 0.187 

30 1.53xlO-IO 1.18xlO-6 2.561 0.222 2.648 0.192 0.955 0.246 2.418 1.084 0.138 

60 5.00xlO-1O 1.01xlO-6 2.804 0.148 2.788 0.151 1.005 1.131 1.673 0.148 0.148 

120 5.92x1O·1O 7.55xlO-7 2.684 0.094 2.640 0.095 1.001 1.307 1.377 0.095 0.094 

CERM 7 1.69xlO-1O 5.13xl0·6 5.152 0.250 5.260 0.224 0.960 3.337 2.414 0.115 0.435 

30 1.40xlO·IO 3.96xlO·6 4.566 0.243 4.675 0.215 0.955 0.928 3.916 0.073 0.272 

60 2.74xlO·1O 3.66xlO·6 4.494 0.226 4.580 0.206 0.967 0.886 3.608 0.229 0.225 

120 9.14xlO·1I 3.37xlO-6 4.170 0.250 4.284 0.217 0.250 0.876 3.321 0.355 0.017 

...... 
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Table 7.24 Effect of contact period on values of the rate constants for the kinetic models that best described Zn desorption by resin 

membranes fiom the Selwyn soil. 

Soil Resin Contact Parabolic diffusion First-order kinetic Pseudo First-order kinetic Simultaneous First-order Model 
membrane period Model Model Model 

Selwyn 
(days) A D/r'1. qo k qo ~ qol 7. k! k7. (X qo 

Ilg Zn g-! 10-3 sec-I Ilg Zn g"1 10-3 sec-I Ilg Zn g-I 10-3 sec-I 

(pH 4.4) IERM 7 0.067 5.80xlO-7 1.887 0.642 1.918 0.519 0.903 1.004 1.048 1.590 0.210 

30 0.070 4.03xlO-7 1.655 0.705 1.687 0.534 0.870 0.626 1.104 2_722 0.346 

60 0.079 2.83xlO-7 1.485 0.914 1.507 0.707 0.877 0.642 0.897 2.799 0.427 

120 0.063 3. 14xl0-7 1.469 0.703 1.499 0.524 0.861 0.460 1.065 3.660 0.387 

CERM 7 0.073 2.49xlO-6 3.753 0.576 4.008 0.439 0.844 1.134 3.181 2.996 0.160 

30 0.074 1.92xlO-6 3.325 0.407 3.456 0.292 0.861 0.565 2.915 10.222 0.276 

60 0.086 1.1lxl0-6 2.607 0.579 2.643 0.480 0.903 2.034 0.970 0.819 0.089 

120 0.067 8.55xlO-7 2.233 0.559 2.279 0.440 0.893 1.364 1.290 1.189 0.115 

(pH 5.9) IERM 7 5.82xlO-3 3.81xlO-7 1.444 0.250 1.575 0.170 0.891 0.269 1.409 3.446 0.134 

30 5.73xlO-3 2.99xlO-7 1.310 0.232 1.503 0.138 0.878 0.255 1.380 4.702 0.107 

60 2.36xl0-3 2.83xl0-7 1.274 0_219 1.432 0.141 0.892 0.157 1.280 23.369 0.139 

120 2.46xlO-!O 1.86xlO-7 1.070 0.059 1.324 0.025 0.980 0.078 1.059 8.562 0.021 

CERM 7 0.042 1.79xlO-6 3.077 0.460 3.168 0.387 0.905 0.321 2.854 16.885 0.283 

30 0.047 1.45xlO·6 2.770 0.411 2.806 0.361 0.935 0.443 3.213 0.410 0.411 

60 0.050 1.27xl0-6 2.639 0.412 2.687 0.343 0.911 0.023 2.665 0.371 0.410 

120 2.51xlO-3 9.74xlO·7 2.284 0.240 2.261 0.230 0.928 1.8xlO-4 2.166 8.5xl0-4 0.245 

,.... 
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7.4.8 Conclusions 

The resin membrane (infinite sink) method is a useful tool in determining kinetics of 

Zn desorption from soils as it has considerable advantages for studying the kinetics of 

Zn desorption compared with chemical extractants such as 0.01 M Ca(N03h or 0.005 

M DTP A. During reaction periods from 0.032 to 4 h desorption of Zn from the 

Selwyn and Takahe soils using the two types of resin membranes increased with time. 

Greater amounts of Zn could be desorbed from the soils using a chelating ion 

exchange resin membrane (CERM) compared with an ion exchange resin membrane 

(IERM). The rates and amounts of both native and added Zn desorption were higher at 

lower pH than at higher pH in both the Selwyn and Takahe soils. 

More than one type of model gave good fits (high r2 and low SE) for native and added 

Zn desorption kinetics. Native Zn desorption from two soils was adequately described 

by pseudo first-order, simultaneous first-order and parabolic diffusion rate equations. 

However added Zn desorption from two spils V{as adequately described by first-order 
,"'e.\')t',C4L 

and parabolic diffusion rate models. Under experimental conditions, the 

amount of Zn desorbed from the Takahe soil exceeded the amount of Zn desorbed 

from the Selwyn soil. The rate of Zn desorption was also higher in the Takahe soil 

than the Selwyn soil at pH 5.8. The longer the contact period between Zn and soil, the 

lesser was the Zn desorption. Irrespective of the length of contact period of Zn with 

soil, simultaneous first order, pseudo first-order and parabolic diffusion gave good fits 

for the kinetics of Zn desorption, however rate constants did not always show clear 

trends, particularly in the Selwyn soil. 

The fact that desorption data could be modelled by several different types of kinetic 

equations means that, without further evidence, it is impossible to reach any 

conclusion regarding the mechanism(s) controlling Zn desorption from the soils. For 

example, desorption data could be fitted equally well by models based on both 

chemical reaction and diffusion kinetics. It is probable that in the heterogeneous soil 

system that was used both types of mechanisms were likely to be involved. 
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Chapter 8 

General Discussion and Conclusions 

8.1 General discussion 

As with the other essential nutrients, the chemistry of Zn in soil is significant in 

determining its availability to plants. In order to understand Zn availability to plants, 

it is essential to understand the chemistry of soil components, the thermodynamics of 

equilibrium reactions between Zn and the various soil phases, and the kinetics of Zn 

movement between these phases. The availability of Zn depends on the concentration 

of Zn in the soil solution and the ability of the soil solid phase to replenish Zn 

concentrations in the soil solution (Soil Zn buffer power). The soil solution 

concentration of Zn and other micronutrients are most likely to be controlled by 

adsorption / desorption reactions (Swift and McLaren, 1991) although there are some 

studies which support precipitation / dissolution of Zn in soils (Pulford, 1986; Ma and 

Lindsay, 1990), especially in soils with high pH and high Zn concentrations. The term 

sorption was used in the present study, since it was difficult to distinguish between 

adsorption and precipitation; (Sposito, 1984). Zinc can be sorbed on soil surfaces \ 

either specifically (mechanisms which involve ionic or covalent bonding) or non

specifically (mechanisms which involve electrostatic bonding). Since, in an 

unfertilised soil, at any time, there are only extremely small amounts of Zn present 

compared to the concentration of major nutrients, specific sorption of Zn is likely to 

be the dominant process (Elrashidi and O'Connor, 1982b). , 

Numerous studies have been conducted which examine the sorption of Zn by soils and 

soil components. In contrast, very little information is available which examines the 

desorption of Zn back into the soil solution. In terms of plant availability, particularly 

in deficiency conditions, it is the desorption process (movement of Zn ions from soil 

solid phase to the soil solution) which controls the amount and rate of the release of 

Zn for plant uptake and hence it is as important as Zn sorption. In most previous 
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desorption studies, the term is misused by actually extracting Zn into solution using 

reagents such as chelating agents (e.g. DTPA) or sequential desorbing Zn by water, 

indifferent electrolytes, complexing agents and mineral acids, thus providing a 

measure of different chemical pools of Zn in soils. However, in the present study, Zn 

desorption was determined by repeatedly washing the soil with a weak background 

electrolyte [0.01 M Ca (N03)2] as suggested by Tiller et al.(l984a). Zinc desorption I 

with dilute salt solution is likely to simulate the natural soil conditions much better 

than using extractants like DTPA or mineral acids. 

To study 'sorption and desorption behaviour of Zn in soils', surface and subsoil 

samples varying in their physical and chemical properties were collected from eight 

different locations in Canterbury, New Zealand. Surface and subsoil samples were 

chosen since the relative strength of sorption / desorption of Zn by soil surfaces may 

be different for surface soils than for subsoils. The emphasis was placed on the use of 

low eqUilibrium solution Zn concentrations, and pH values in the range normally 

encountered in agricultural soils. Therefore the findings from these studies are 

considered to have direct relevance for application to New Zealand soils. 

Knowledge of properties of soils has great importance with respect to understanding 

the sorption and desorption behaviour of Zn. The amounts and patterns of native soil 

Zn desorbed and added Zn desorbed from 14 Canterbury soils varied between 

different soils (from 0.11 J.Lg g-t to 2.09 J.Lg g-t soil after five consecutive desorption 

periods). Greater concentrations of native Zn were desorbed from the surface soils 

(from 0.33 J.Lg g-t to 2.09 J.Lg g-t soil) than from sub surface soils (from 0.11J.Lg g-t to 

0.57 J.Lg g-t soil). This suggests that the amount of Zn desorbed may be related to 

some soil characteristics such as organic matter and clay contents of the soil horizons. 

Of theZn sorbed from an initial application of 12 J.Lg Zn g-t soil, it was observed that 

after five successive desorptions 19.84 to 93.49 % of the sorbed Zn could be desorbed 

back into the solution. In contrast to native Zn desorption, the added Zn desorbed (%) 

was higher in sub surface soils than in surface soils, except in the Rapaki soil where 

Zn desorbed from the two horizons was similar. Cation exchange capacity and 

organic C were found to be the dominant soil variables contributing towards sorption 
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or desorption of Zn. Soil pH, clay content, hydrous oxides of Al and Mn oxides were 

also associated with Zn sorption and desorption, though we could not obtain a direct 

correlation with them. Karam et ai., 1983 found that the pH of equilibrium solutions 

was more important than soil pH for specific Zn sorption by Quebec soils. Significant 

correlations in our study may have been obtained with pH, if pH of the desorbing 

solutions was determined. The lack of significant correlations between Zn sorbed! 

desorbed and clay, free Fe and Al oxides could be due either to the low amounts of 

these constituents and therefore their small contribution to the colloidal fraction of the 

soils or to relatively small ranges of concentrations of these constituents in the 

experimental soils. However, when expressed as a percentage of DTPA-extractable 

Zn, Zn desorption was correlated positively with the % sand content and negatively 

with the % silt content of the soils, indicating that the finer the soil texture, the smaller 

the desorption of labile Zn. 

Four surface soils (Lismore, Summit, Temuka and Waimakariri), which differed 

substantially in their Zn desorbing capacity, were selected for further investigations to 

describe the Zn behaviour by sorption desorption isotherms. Sorption and desorption 

isotherms provide a convenient visual demonstration of ion retention or release and a 

means of assessing surface retention capacity (Harter, 1991). Desorption ofZn was i 

found to be reversible in the Lismore, Summit and Waimakaririsoils and only 

partially reversible in the Temuka soil. Partial reversibility could be due to the 

presence of a high clay content and organic carbon and the type of clay mineral (illite) 

present in the Temuka soil. Zinc desorption closely followed the original sorption 

isotherm for the Lismore, Summit and Waimakariri soils irrespective of the 

concentration of Zn added to the soils suggesting that in these soils, desorption 

reactions could be described by the sorption isotherm. The same was not true for the 

Temuka soil where there was a marked hysteresis effect between sorbed and desorbed 

Zn. This hysteresis for desorption of sorbed Zn may be explained by 'readily 

desorbed' and 'less readily desorbed' fractions in the soil, as was explained by 

Padmanabham (1983b) for desorption ofZn from goethite. Elrashidi and O'Connor 

(1982b) observed that desorption of sorbed Zn from nine soils by O.OIN CaCh was 

extremely hysteretic after five desorption periods and only the soils with low CEC 



exhibited a measurable Zn desorption. Native Zn appears to desorb from the 

Waimakariri soil relatively easily, however, a large proportion of added Zn was 

retained after 10 desorptions. 

The longer the period of contact time of Zn with soil, the smaller the amount of Zn 
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des orbed from Lismore, Summit and Temuka soils. Armour et al. (1989) found, 

incubation of applied Zn with the soil decreased the availability of Zn to Navy beans. 

After 90 days of contact, a 36.5, 20 and 20 % reduction in the amount of cumulative 

added Zn desorbed (10 washings) was observed from the Summit, Lismore and 

Temuka soils compared with their respective cumulative Zn des orbed after 1 day's 

contact. The corresponding reduction in the amount of cumulative native Zn desorbed 

was 27, 23 and 13 %. The reason for the larger decrease in Zn desorption with time in 

the Summit soil as compared with the other soils may be the higher amount of oxides 

(both Al and Fe oxides) in the Summit soil. Substantial proportions of the trace 

metals sorbed by oxides cannot be desorbed back into solution (McLaren et al., 1983; 

1986; Padmanabham, 1983b). No particular trend of increase or decrease in Zn 

desorption with increasing contact time of native or added Zn with soil in the 

Waimakariri soil may be due to extremely high amount of native soil Zn. A much 

greater decline in the amount of applied and native Cu desorbed from the Lismore and 

Temuka soils with increasing contact time from 4 to 12 weeks found by Hogg et al. 

(1993) could be because they equilibrated the soils by shaking with dilute Ca(N03)2 

solution for different periods of time instead of incubating the soils at 75 % of field 

capacity. 

The effect of pH on sorption and desorption of Zn from soil was studied by adjusting 

pH of each of the soil to different values (approximately 4.3, 5.4 and 6.5) by adding 

different concentrations of HCI and Ca(OHh in a volume equ~valent to 75% of field 

capacity of each soil and then incubating the soil samples at 25 DC until the pH of 

these samples become constant. Soil pH appears to be the major variable in 

controlling the availability of Zn. Zinc sorption was lower at pH near 4.3 for the 

Summit, Lismore, Temuka and Waimakariri soils and Zn was desorbed relatively 

easily at from the same soil at pH 4.3 than at pHs 5.4 or 6.5. At pH 6.5; the Temuka, 
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Summit and Waimakariri soils sorbed nearly all of the added Zn. The major sorption 

surface differs between soils and varies with pH for a particular soil ( Mann and 

Ritchie, 1993) and hence the extent of Zn retention which depends on the amount of 

sorbing surface and pH. The decrease, in both native Zn desorption as well as added 

Zn desorption, was larger in the pH range of 4.3 to 5.4 than in the range 5.4 to 6.5 in 

all the four soils studied. Sorption and desorption of Zn and other trace metals by 

soils occurs predominantly via surfaces that are negatively charged, such as organic 

matter, clay and Fe and Al hydrous oxides. Increasing pH tends to increase the 

number of exchange and specific sorption sites (Mann and Ritchie, 1993), causing an 

increase in proportion of sorbed Zn at that pH which can be less readily desorbed. 

The sorption isotherms for all the four soils are relatively curved at lower pH and tend 

towards a sorption plateau, while at higher pH, soils would be expected to show a 

further increase in sorption. The reason for that could be a change in sorption 

mechanism from non-specific to specific with increasing pH from 4.3 to 6.5 as 

explained by Jeffery and Uren (1983). The relative position of the sorption curve with 

respect to pH is related to the hydrolysability of the metal ions in solution 

(Padmanabham, 1983b)~ Hence, assessment of the behaviour of Zn in soils should 

take into account possible variations of the soil pH, such as those due to liming or 

acidification. 

There are contradictory reports on soil P-Zn interactions. Zinc sorption or desorption 

may increase, decrease or be unaffected by P application. To understand the 

importance of P-Zn interactions in New Zealand soils, if any, an incubation study with 

the Lismore and Temuka soils, each adjQsted to three different pH levels, was 

conducted. No significant main effect of P on Zn desorbed from either soil was 

observed. This study suggests that there is a low probability of P-Zn interaction in the 

soil system itself and there is the possibility that Zn sorbs on the sites that do not sorb 

phosphate and vice versa. In both the soils studied, there were non significant 

phosphate xpH interactions. Pasricha et al. (1987) also found no change in Zn 

intensity in soil by P application, even as high as 1200 Ilg gol soil. Some studies of P

Zn interactions with hydrous oxides of Fe and AI (Stanton and Burger, 1970; Bolland 



et al., 1977; Ghanem and Mikkelsen, 1988) found increased Zn sorption with the 

presence of phosphate. The lower amount of oxides (both Al and Fe oxides) in our 

soils may be the reason for the lack of P-Zn interactions. 
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The rates of Zn desorption (kinetics) from the Selwyn and Takahe soils were also 

examined; a dynamic factor that regulates the amount of Zn in solution at any given 

time and hence the bioavailability of soil Zn. The unsuitable nature of the 0.01 M 

Ca(N03h extractant to study Zn desorption in a batch system lead us to think about 

the use of resin membranes (Ion exchange resin membrane and Chelating exchange 

resin membrane) for studying rates of Zn desorption from the Selwyn and Takahe 

soils. The high recovery of Zn from both the membranes and the reuse of spent 

membranes by regeneration makes this method extremely efficient compared with 

chemical extractants such as 0.01 M Ca(N03)2 or 0.005 M DTPA. 

The rates of both native and added Zn desorption were found to be rapid initially and 

gradually declined with time in both the Selwyn and Takahe soils except in the 

Selwyn soil (pH 5.8). Based on relatively high values of the coefficient of 

determination (r2) and low standard errors (Chien and Clayton 1980; Havlin et al. 

1985), excellent fits were obtained (r2 values> 98 %) using simultaneous first-order 

and pseudo first-order for the native Zn desorption from the two soils each at two pHs. 

The first order and parabolic diffusion models also gave considerably good fits for 

native Zn desorption from the Selwyn and Takahe soils. The first order and the 

pseudo first-order models best described added Zn desorption from the Selwyn and 

Takahe soils at both pH values, using either type of membrane. Dang et al. (1994b) 

described Zn desorption from vertisols adequately using the parabolic double 

diffusion, the two-constant rate and simple Elovich equations. However, close fits 

with the two-constant rate model has also been reported for the kinetics of Zn 

desorption from soils using DTPA (Kuo and Mikkelsen, 1980). 

In the Selwyn and Takahe soils, with the increase in soil pH from 4.4 to 5.8 the 

respective desorption rate constants decreased for all the fitted models irrespective of 

the type of membrane used. This shows that with increasing pH, the Zn desorption 
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rates were also slowed down. Generally, the rate constants were also comparatively 

higher in most of the cases for Zn desorption using CERM than Zn desorption using 

IERM and at both pH levels. 

Increasing the length of contact period substantially decreased the rate and amount of 

Zn des orbed from the Selwyn and Takahe soils at both pH levels. A simple 

interpretation of the trends observed with an increased sorption period could be 

movement of Zn ions from outer sphere complexes (lower energy sites) on the soil 

solid surfaces to the inner sphere complexes (higher energy sites). Irrespective of the 

length of contact period of Zn with soil, simultaneous first order, pseudo first-order 

and parabolic diffusion gave good fits for the kinetics of Zn desorption, however rate 

constants did not show a clear picture, particularly in the Selwyn soil. 

The fact that desorption data could be modelled by several different types of kinetic 

equations means that, without further evidence, it is impossible to reach any 

conclusion regarding the mechanism(s) controlling Zn desorption from the soils. It is 

probable that in the heterogeneous soil system both types of mechanisms are likely to 

be involved. 

8.2 Conclusions 
Df ,(~s(Jtrptlf)V) 

~ The amounts and patterns~of native soil Zn desorbed and added zinc desorbed 

from 14 Canterbury soils varied between different soils; greater concentrations of 

zinc were des orbed from the surface soils than from sub surface soils 

~ Cation exchange capacity accounts for most of the variation in native zinc 

desorption, Zn sorption and added zinc desorption from the Canterbury soils. 

Organic C was the other dominant soil variable contributing towards sorption or 

desorption of Zn, presumably because of its relationship with CEC. 

~ In the case of zinc sorption, CEC along with the Mn oxides and pH explained 91 % 

of the variability while for added zinc desorbed (%), CEC along with pH, 
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Amorphous Al oxides and clay explained nearly 95% of variability in added zinc 

desorption from the Canterbury soils. 

:) The Temuka soil, which has high clay content and high CEC, sorbed more than 90 

% of added Zn at all the initial added Zn concentrations. While the Lismore soil, 

which has low clay content and low CEC, was able to sorb only 43 to 55 % of 

added Zn. 

:) In the case of the Lismore soil, Zn could be completely desorbed in a short time 

after application while for the soils like the Temuka and Waimakariri, with higher 

organic carbon and higher clay content, Zn could be retained for longer. 

:) Zinc sorption / desorption isotherms are good indicators of ,a soil's ability to sorb 

and desorb Zn. Desorption of Zn closely followed the original sorption isotherm 

for the Lismore, Summit and Waimakariri soils suggesting that desorption 

reactions could be described by the sorption isotherm in these soils. For the 

Temuka soil there was a marked hysteresis effect between sorbed and desorbed 

Zn. 

:) The longer the period of contact time of Zn with soil, the lesser was the Zn 

desorption from Lismore, Summit and Temuka soils. However, there was no 

particular trend of increase or decrease in Zn desorption with increasing contact 

time. of native or added Zn with soil in the Waimakariri soil. 

:) Zinc sorption or desorption varies widely with soil pH and the initial concentration 

of added Zn. Sorption increased with increasing pH and at pH near 6.5, most of 

the added Zn was sorbed by all the four soils studied. Desorption of native and 

added Zn decreased continuously with rising pH and became very low at pH 

values near 6.5 to 7.0. The proportion of sorbed Zn that could be desorbed 

decreased as pH increased above 5.5. 
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~ At pH near 4.3, Zn desorption closely followed the original sorption isotherm 

irrespective of the concentration of Zn added to the soils studied. However, as the 

pH of these soils was raised above 6.0 there was a marked hysteresis effect 

between sorbed and des orbed Zn which suggested that an important portion of 

sorbed Zn was apparently strongly bonded to the soils, which stresses once more 

the existence of specific sorption sites. 

~ No P-Zn interaction was detected in the soil system itself, possibly because of Zn 

sorption on the sites that do not sorb phosphate and vice versa. 

~ Resin membranes appear to have considerable advantages for studying the kinetics 

of Zn desorption compared with chemical extractants such as 0.01 M Ca(N03hor 

0.005 M DTPA. 

~ Greater amounts of Zn could be desorbed using a chelating ion exchange 

membrane compared with an ion exchange membrane. 

~ The rates of native and added Zn desorption using both types of membranes at 

lower pH were rapid initially and gradually declined with time. 

~ The simultaneous first-order, pseudo first-order (for the native Zn desorption) and 

first order models best described the desorption of added Zn from soils. The 

parabolic diffusion model also gave considerably good fits for both native and 

added Zn desorption. 

~ With increasing pH from 4.3 to 6.5, the Zn desorption rates in the soils were also 

slowed down. 

~ Increasing the length of contact period substantially decreased the rate of Zn 

desorption. 
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~ Irrespective of the length of contact period of Zn with soil, simultaneous first 

order, pseudo first-order and parabolic diffusion gave good fits for the kinetics of 

Zn desorption, however the rate constants did not show a clear trend, particularly 

in the Selwyn soil. 

8.3 Future research 

This study of "Sorption and desorption behaviour of Zn in soils" has improved our 

understanding of the reactions affecting the availability of Zn in soils. The results 

have also highlighted the need for further research into the following areas: 

• Sorption and desorption behaviour of Zn from the other soils of New Zealand 

which are low in available Zn, and also to the soils which are high in Fe, Al and 

Mn oxides, as these oxides are reported to play an important role in soil Zn 

availability. 

• The influence of equilibrium temperature on sorption / desorption of Zn from 

soils should be studied. 

• The changes in the forms of Zn with length of contact with soil is an important 

aspect to be studied. 

• The relative importance of various soil constituents for Zn sorption / desorption in 

New Zealand soils has not been reported. Sorption / desorption of Zn should also 

be determined following the removal and addition of materials such as iron oxides 

and organic matter to the soil. 

• Zn associated with particle size fractions of soils should be studied as this 

consideration is important for assessing the availability of Zn to plants. 
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• Studies on isotopic exchangeability of Zn (using radioactive 65Zn ) sorbed by soil 

could be useful to improve our understanding of Zn reactions in New Zealand 

soils. 

• Some soils in New Zealand are periodically or permanently waterlogged, therefore 

studies on the effect of waterlogging on Zn in New Zealand soils is necessary. 

• The study of P-Zn interaction could be extended to soils which have a greater 

concentration of Fe and Al oxides. 

• There is a need to conduct more research into the kinetics of Zn desorption in 

order to better understand the mechanism(s) controlling Zn desorption from soils. 
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Appendices 

Appendices have been numbered with the corresponding chapter numbers to which they refer. 



Appendix 5.1 pH of extracts of native Zn desorption 

Soil Soil Des.1~ Des. 2 Des. 3 Des. 4 Des.S Des. 6 Des. 7 Des.S Des. 9 Des. 10 
EH 

Lismore 4.3 3.S5 3.97 4.35 4.36 4.42 4.21 4.40 4.20 4.24 4.15 
5.4 4.71 4.71 5.36 5.20 5.05 5.03 5.50 4.99 5.00 4.96 
6.5 5.S0 5.48 5.75 5.69 5.64 5.79 5.61 5.77 5.36 5.68 

Summit 4.3 3.87 3.95 3.94 4.07 4.03 4.10 4.06 4.05 4.03 4.00 
5.2 4.71 4.68 4.65 4.82 4.77 4.78 4.79 4.73 4.64 4.67 
6.6 5.53 6.07 5.65 6.20 5.80 5.75 5.77 5.53 5.27 5.67 

Temuka 4.2 3.94 4.06 4.47 4.45 4.23 4.22 4.31 4.20 4.23 4.18 
5.5 4.85 4.96 5.19 5.17 5.01 5.11 5.03 4.99 4.98 5.00 
6.4 6.18 5.87 5.94 5.97 5.69 5.79 5.87 5.82 5.84 5.91 

Waimakariri 4.3 3.99 4.10 4.28 4.20 3.96 4.20 4.16 4.09 4.10 4.06 
5.7 5.05 5.03 4.95 5.00 5.05 5.14 5.01 5.03 4.91 4.91 
6.9 6.54 6.26 6.12 6.48 5.93 6.13 5.82 5.74 5.68 5.84 

~ Des. = Desorption 

Appendix 5.2 pH of extracts of added Zn (1 J.lg mI-!) desorption 

Soil Soil sorp.· Des. 1 Des. 2 Des. 3 Des. 4 Des.S Des. 6 Des. 7 Des.S Des. 9 Des. 10 
I!H 

Lismore 4.3 3.98 4.10 3.96 4.02 3.94 4.06 4.03 4.10 4.15 4.10 4.15 
5.4 4.85 4.89 4.97 4.87 4.71 4.72 4.57 4.78 4.57 4.62 4.53 
6.5 5.79 5.87 5.97 5.51 5.33 5.40 5.14 5.74 5.13 5.47 5.49 

Summit 4.3 4.08 4.03 4.10 4.06 4.08 4.08 4.14 4.15 4.14 4.18 4.26 
5.2 4.83 4.74 4.98 4.74 4.73 4.62 4.57 4.72 4.43 4.56 4.57 
6.6 5.53 6.14 5.43 5.57 5.41 5.52 5.27 6.08 5.44 5.47 5.31 

Temuka 4.2 4.08 4.13 4.14 4.14 4.11 3.97 4.05 4.08 4.26 4.07 3.98 
5.5 5.05 5.17 4.55 4.77 4.67 4.45 4.54 4.75 4.48 4.62 4.59 
6.4 6.05 6.10 5.57 5.49 5.35 5.11 5.18 5.49 5.15 5.37 5.23 

Waimakariri 4.3 4.32 4.1S 4.22 4.14 4.13 3.93 4.13 4.03 3.97 4.08 4.02 
5.7 5.37 4.91 4.58 5.01 4.74 4.42 4.41 4.48 4.42 4.45 4.41 
6.9 6.31 6.46 5.28 6.09 5.24 5.06 5.05 5.39 5.10 5.14 5.09 

• Sorp. = Sorption of added Zn 

....... 
\0 
0 



Appendix 503 pH of extracts of added Zn (2 JIg mI°l) desorption 

Soil Soil Sorpt. Des. 1 Des. 2 Des. 3 Des. 4 Des.S Des. 6 Des. 7 Des. 8 Des. 9 Des. 10 
eH 

Lismore 4.3 3.58 3.80 3.85 3.92 4.04 3.91 3.91 3.96 4.01 4.00 4.03 
5.4 4.66 4.96 4.87 4.85 5.03 4.74 4.70 4.79 4.80 4.78 4.75 
6.5 5.65 5.73 5.75 5.65 6.00 5.44 5.35 5.42 5.40 5.38 5.34 

Summit 4.3 3.76 3.92 3.93 3.94 4.15 3.92 3.93 4.00 4.00 3.98 3.98 
5.2 4.80 4.86 4.91 4.92 5.20 4.74· 4.74 4.99 4.85 4.74 4.81 
6.6 5.90 5.92 6.05 6.18 6.06 5.74 5.74 5.78 5.80 5.82 5.76 

Temuka 4.2 3.79 4.00 4.01 4.01 4.28 3.96 3.98 4.00 3.98 4.02 4.01 
5.5 4.91 5.08 4.91 4.94 5.08 4.86 4.85 4.90 4.95 4.92 4.89 
6.4 6.11 6.07 5.80 5.79 5.94 5.70 5.77 5.78 5.81 5.72 5.79 

Waimakariri 4.3 3.91 4.03 4.02 4.31 4.32 4.11 4.08 4.10 4.05 4.02 4.10 
5.7 5.15 5.03 4.96 5.37 5.46 5.05 4.94 5.00 4.98 4.92 5.05 
6.9 6.33 5.92 6.33 6.44 6.41 6.33 6.45 6.38 6.40 6.42 6.35 

Appendix 5.4 pH of extracts of added Zn (4 JIg mI-!) desorption 

Soil Soil Sorpt. Des.! Des. 2 Des. 3 Des. 4 Des.S Des. 6 Des. 7 Des. 8 Des. 9 Des.!O 

eH 
Lismore 4.3 3.22 3.59 3.53 3.62 3.65 3.58 3.74 3.71 3.75 3.78 3.77 

5.4 4.30 4.45 4.35 4.30 4.35 4.24 4.33 4.34 4.31 4.33 4.20 
6.5 5.08 5.07 4.93 4.95 4.94 4.84 4.97 4.90 4.93 4.95 5.03 

Summit 4.3 3.38 3.63 3.60 3.60 3.61 3.62 3.55 3.65 3.67 3.69 3.84 
5.2 4.36 4.49 4.34 4.38 4.41 4.29 4.30 4.34 4.34 4.86 4.55 
6.6 5.42 5.23 5.12 5.14 5.13 5.02 5.04 4.96 5.00 5.10 5.14 

Temuka 4.2 3.43 3.61 3.58 3.60 3.69 3.55 3.62 3.65 3.63 3.70 3.77 
5.5 4.86 4.49 4.39 4.38 4.54 4.40 4.48 4.55 4.38 4.54 4.51 
6.4 5.56 5.25 5.02 5.08 5.15 5.09 5.03 4.94 4.95 5.15 5.28 

Waimakariri 4.3 3.52 3.55 3.61 3.64 3.67 3.63 3.74 3.76 3.66 3.73 3.80 
5.7 4.79 4.42 4.44 4.39 4.30 4.37 4.45 4.46 4.41 4.93 4.70 
6.9 5.79 5.21 5.25 5.13 5.05 5.23 5.44 5.05 5.14 5.59 5.51 

-\0 -



Appendix S.5 pH of extracts of added Zn (5 fJg mI-1
) desorption 

Soil Soil Sorpt. Des. 1 Des. 2 Des. 3 Des. 4 Des. 5 Des. 6 Des. 7 Des. 8 Des. 9 Des. 10 
)!H 

Lismore 4.3 3.19 3.53 3.65 3.66 3.72 3.64 3.74 3.76 3.75 3.82 3.81 
5.4 4.08 4.44 4.48 4.48 4.49 4.38 4.45 4.50 4.46 4.48 4.50 
6.5 4.81 5.16 5.13 5.15 5.10 4.99 5.06 5.09 5.13 5.10 5.11 

Summit 4.3 3.47 3.70 3.75 3.76 3.79 3.69 3.76 3.77 3.78 3.81 3.81 
5.2 4.26 4.57 4.51 4.50 4.55 4.45 4.44 4.36 4.48 4.45 4.42 
6.6 5.04 5.29 5.24 5.23 5.23 5.09 5.09 4.98 5.13 5.11 5.14 

Temuka 4.2 3.54 3.70 3.74 3.75 3.74 3.61 3.71 3.65 3.77 3.76 3.77 
5.5 4.58 4.63 4.62 4.56 4.65 4.60 4.65 4.45 4.69 4.58 4.52 
6.4 5.43 5.45 5.37 5.32 5.36 5.35 5.28 5.12 5.37 5.24 5.16 

Waimakariri 4.3 3.63 3.81 3.73 3.82 3.78 3.81 3.80 3.75 3.97 3.85 3.91 
5.7 4.60 4.66 4.64 4.57 4.47 4.73 4.64 4.48 4.80 4.60 4.56 
6.9 5.40 5.51 5.39 5.43 5.29 5.84 5.66 5.26 6.13 5.64 5.37 

-\0 
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Appendix 6.1 ANOV A table for cumulative added Zn desorbed from the 
Lismore soil 

Source DF SS MS F 
Rep 1 0.0018 0.0018 0.11 
P04 2 0.0500 0.0250 1.53 
pH 2 120.8530 60.4265 3706.75 
CP 2 2.7281 1.3640 83.67 
P04 xpH 4 0.1448 0.0362 2.22 

P04xCP 4 0.0615 0.0154 0.94 
pHxCP 4 1.0649 0.2662 16.33 
P04 xpHx CP 8 0.1606 0.0201 1.23 
Error 26 0.4238 0.0163 
Total 53 125.4886 

Appendix 6.2 ANOV A table for cumulative added Zn desorbed from the 
Takahesoil 

Source DF SS MS F 
Rep 1 0.0127 0.0127 1.51 
P04 2 0.0084 0.0042 0.50 
pH 2 59.2476 29.6238 3512.79 
CP 2 0.7708 0.3854 45.70 
P04xpH 4 0.0158 0.0039 0.47 

P04 x CP 4 0.0338 0.0084 1.00 
pHxCP 4 0.4101 0.1025 12.16 
P04 xpHxCP 8 0.0841 0,0105 1.25 
Error 26 0.2193 0.0084 
Total 53 60.8025 

Appendix 6.3 ANOV A table for cumulative native Zn desorbed from the 
Lismore soil 

Source 
Rep 
P04 

pH 
CP 
P04xpH 
P04 x CP 
pHxCP 
P04 x pHx CP 
Error 
Total 

DF 
1 
2 
2 
2 
4 
4 
4 
8 

26 
53 

SS 
0.00048 
0.00241 

18.66862 
0.84787 
0.00810 
0.00515 

0.03457 
0.01794 
0.06484 
19.64998 

MS 
0.00048 
0.00121 
9.33431 
0.42393 
0.00202 
0.00129 
0.00864 
0.00224 
0.00249 

F 
0.19 
0.48 

3742.97 
169.99 
0.81 
0.52 
3.47 
0.90 

P 

P 

P 

0.739 
0.235 
0.000 
0.000 
0.094 
0.455 
0.000 
0.321 

0.231 
0.614 
0.000 
0.000 
0.759 
0.425 
0.000 
0.313 

0.664 
0.622 
0.000 
0.000 
0.529 
0.724 
0.021 
0.532 
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Appendix 6.4 ANOV A table for cumulative native Zn desorbed from the 
Takahesoil 

Source DF SS MS F P 
Rep 1 0.0022 0.0022 0.75 0.394 
P04 2 0.0190 0.0095 3.28 0.054 
pH 2 91.2197 45.6098 1.6E+04 0.000 
CP 2 0.4971 0.2486 86.11 0.000 
P04 xpH 4 0.0103 0.0026 0.89 0.483 
P04 xCP 4 0.0061 0.0015 0.53 0.713 
pHxCP 4 0.7769 0.1942 67.29 0.000 
P04 xpHxCP 8 0.0090 0.0011 0.39 0.917 
Error 26 0.0750 0.0029 
Total 53 92.6153 



Appendix 7.1 Kinetics of native Zn Desorption 

Soil pH 0.032 0.08 h 0.16 h 0.32h 0.50h 0.75 h 1 h 1.5 h 2h 2.5 h 
IERM-desorbed (big g-! soil) 

Selwyn A 4.4 0.120 0.222 0.290 0.395 0.438 0.511 0.581 0.619 0.635 0.637 
5.9 0.023 0.028 0.035 0.053 0.064 0.081 0.093 0.131 0.169 0.199 

TakaheA 4.3 0.197 0.365 0.564 0.776 0.958 1.053 1.148 1.217 1.297 1.316 
5.8 0.045 0.046 0.055 0.111 0.163 0.253 0.310 0.456 0.648 0.805 

CERM-desorbed Zn (big g-! soil) 

Selwyn A 4.4 0.335 0.424 0.465 0.666 0.791 0.962 1.086 1.235 1.255 1.335 
5.9 0.259 0.263 0.272 0.302 0.345 0.371 0.402 0.473 0.500 0.560 

TakaheA 4.3 0.451 0.691 0.931 1.417 1.595 1.841 2.025 2.249 2.463 2.602 
5.8 0.234 .0.269_ cJQQ4- 0.431 0.625 0.704 0.811 1.022 1.285 1.461 

--

Appendix 7.2 Kinetics of (Added + native) Zn Desorption 

Soil pH 0.032 0.08h 0.16 h 0.32h 0.50h 0.75 h Ih 1.5h 2h 2.5 h 
IERM-desorbed Zn (big g-! soil) 

Selwyn A 4.4 0.203 0.284 0.383 0.497 0.664 0.711 0.869 0.978 1.122 1.273 
5.9 0.090 0.110 0.174 0.251 0.346 0.420 0.472 0.638 0.768 0.830 

TakaheA 4.3 0.199 0.365 0.564 0.834 1.019 1.204 1.364 1.661 1.866 2.090 
5.8 0.121 0.178 0.289 0.467 0.656 0.893 0.980 1.224 1.448 1.562 

CERM-desorbed Zn (big g-l soil} 

Selwyn A 4.4 0.451 0.639 0.833 1.136 1.500 1.842 2.168 2.405 2.529 2.636 
5.9 0.309 0.397 0.508 0.769 0.948 1.235 1.379 1.796 1.988 2.136 

TakaheA 4.3 0.712 1.067 1.431 2.131 2.920 3.307 3.638 4.051 4.130 4.470 
5.8 0.367 0.476 0.830 1.366 1.821 2.130 2.598 2.957 3.223 3.386 

3h 3.5 h 

0.664 0.666 
0.243 0.281 

1.341 1.361 
0.927 0.950 

1.348 1.437 
0.605 0.623 

2.710 2.729 
1.585 1.565 

3h 3.5 h 

1.339 1.406 
0.891 0.968 

2.126 2.131 
1.657 1.787 

2.736 2.806 
2.240 2.322 

4.512 4.551 
3.609 3.703 

4h 

0.668 
0.288 

1.380 
1.010 

1.461 
0.651 

2.729 
1.589 

4h 

1.459 
1.003 

2.151 
1.798 

2.891 
2.373 

4.578 
3.740 

..... 
\0 
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Appendix 7.3 Kinetics of Added Zn Desorption 

Soil pH 0.032 0.08h 0.16 h 0.32 h 0.50h 0.75 h Ih 1.5h 2h 2.5 h 3h 3.5 h 4h 
I 

IERM-desorbed Zn (Llg g.1 soil) 

Selwyn A 4.4 0.083 0.062 0.093 0.102 0.226 0.200 0.288 0.359 0.487 0.636 0.675 0.740 0.791 I 

5.9 0.067 0.082 0.139 0.198 0.282 0.339 0.379 0.507 0.599 0.631 0.648 0.687 0.715 I 

TakaheA 4.3 0.002 0.002 0.005 0.058 0.061 0.151 0.216 0.444 0.569 0.774 0.785 0.770 0.771 I 
I 

5.8 0.076 0.132 0.234 0.356 0.493 0.640 0.670 0.768 0.800 0.757 0.730 0.837 0.788 , 

CERM-desorbed Zn (Llg gol soil) 

Selwyn A 4.4 0.116 0.215 0.368 0.470 0.709 0.880 1.082 1.170 1.274 1.301 1.388 1.369 1.430 I 

5.9 0.050 0.134 0.236 0.467 0.603 0.864 0.977 1.323 1.488 1.576 1.635 1.699 1.722 I 

TakaheA 4.3 0.261 0.376 0.500 0.714 1.325 1.466 1.613 1.802 1.667 1.868 1.802 1.822 1.849 I 

5.8 0.133 0.207 0.526 0.935 1.196 1.426 1.787 1.935 1.938 1.925 2.024 2.138 2.151 
--

Appendix 7.4 Effect of contact period on kinetics of Zn desorption from Selwyn (pH 5.9) soil 

CP 0.032h 0.08 h 0.16 h 0.32h 0.50h 0.75h Ih 1.5h 2h 2.5 h 3h 3.5 h 4h 
(days) 

IERM-desorbed Zn (b!g g'! soil) I 

7 0.163 0.196 0.334 0.488 0.580 0.698 0.802 0.979 1.126 1.281 . 1.354 1.438 1.448 
30 0.132 0.243 0.302 0.440 0.496 0.601 0.698 0.854 0.975 1.123 1.201 1.290 1.324 

60 0.170 0.189 0.271 0.352 0.460 0.561 0.665 0.828 0.952 1.091 1.121 1.246 1.259 
120 0.090 0.096 0.133 0.196 0.225 0.321 0.411 0.547 0.674 0.835 0.990 1.083 1.208 

CERM-desorbed Zn (b!g gol soil) 

7 0.376 0.530 0.751 1.124 1.492 1.903 2.185 2.491 2.786 2.850 3.029 3.165 3.165 
30 0.300 0.472 0.676 1.062 1.434 1.860 2.094 2.391 2.642 2.703 2.754 2.770 2.789 

60 0.335 0.494 0.711 1.080 1.240 1.742 2.070 2.244 2.509 2.607 2.621 2.635 2.656 
120 0.272 0.333 

-
0.410 0.659 0.843 1.064 1.19~~_!.630 1.868 1.984 2.204 2.136 2.240 

--- ----

....... 
\0 
0\ 



CP 
(days) 

7 
30 
60 
120 

7 
30 
60 
120 

CP 
(days) 

7 
30 
60 
120 

7 
30 
60 
120 

Appendix 7.5 Effect of contact period on kinetics of Zn desorption from Takahe (PH 5.8) soil 

0.032 0.08 h 0.16 h 0.32 h 0.50h 0.75 h 1 h 1.5 h 2h 2.5 h 3h 3.5 h 4h 

IERM-desorbed Zn (I!g g-! soil} 

0.122 0.252 0.431 0.712 0.911 1.196 1.469 1.846 2.107 2.337 2.485 2.553 2.617 
0.124 0.249 0.396 0.682 0.894 1.178 1.421 1.697 1.959 2.161 2.326 2.453 2.522 
0.070 0.127 0.223 0.417 0.668 0.900 1.083 1.568 1.894 2.098 2.256 2.363 2.423 
0.070 0.098 0.179 0.309 0.455 0.663 0.828 1.211 1.554 1.858 1.966 2.151 2.233 

CERM-desorbed Zn (I!g g"! soil} 

0.357 0.531 0.858 1.337 1.778 2.646 3.163 3.664 4.128 4.585 4.735 5.125 5.030 
0.399 0.470 0.721 1.184 1.667 2.153 2.600 3.241 3.725 4.137 4.348 4.321 4.382 
0.302 0.453 0.667 1.134 1.415 1.924 2.563 3.129 3.586 3.992 4.182 4.217 4.248 
0.353 0.480 0.650 1.170 1.435 1.960 2.728 2.989 3.204 3.749 3.937 4.039 4.116 

Appendix 7.6 Effect of contact period on kinetics of Zn desorption from Selwyn (pH 4.3) soil 

0.032h 0.08h 0.16 h 0.32h 0.50h 0.75h Ih 1.5 h 2h 2.5 h 3h 3.5 h 4h 

IERM-desorbed Zn (I!g g'! soil} 

0.189 0.394 0.770 1.134 1.237 1.449 1.552 1.714 1.802 1.928 1.951 1.979 1.983 
0.189 0.478 0.707 0.987 1.133 1.302 1.367 1.569 1.678 1.688 1.711 1.707 1.697 
0.190 0.479 0.753 0.960 1.121 1.245 1.343 1.482 1.486 1.508 1.519 1.533 1.549 
0.182 0.447 0.634 0.820 1.025 1.132 1.278 1.377 1.471 1.482 1.516 1.517 1.520 

CERM-desorbed Zn (I!g g-! soil} 

0.498 0.800 1.148 1.753 1.973 2.134 2.505 3.024 3.310 3.513 3.782 3.964 3.923 
0.483 0.802 0.971 1.360 1.793 2.028 2.452 2.744 3.084 3.287 3.355 3.390 3.389 
0.396 0.527 0.922 1.234 1.664 2.032 2.252 2.405 2.493 2.513 2.617 2.719 2.735 
0.286 0.402 0.830 1.170 1.417 1.692 1.741 2.031 2.090 2.147 2.256 2.377 2.416 

I 

..... 
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Appendix 7.7 Effect of contact period on kinetics of Zn desorption from Takahe (pH 4.3) soil 

CP 0.032h 0.08 h 0.16h 0.32h 0.50h 0.75 h Ih 1.5 h 2h 2.5 h 3h 3.5h 4h 
(days) 

IERM-desorbed Zn (I!g g-l soil) 

7 0.431 1.060 1.433 2.014 2.314 2.587 2.795 3.012 3.063 3.058 3.063 3.083 3.112 
30 0.403 1.043 1.383 1.945 2.157 2.442 2.674 2.867 2.908 2.909 2.905 2.901 2.913 

60 0.398 0.822 1.270 1.712 1.946 2.225 2.487 2.678 2.736 2.749 2.817 2.859 2.847 
120 0.502 0.848 1.195 1.682 1.904 2.127 2.359 2.490 2.600 2.699 2.760 2.760 2.769 

CERM-desorbed Zn (I!g g"l soil) 

7 0.759 1.117 1.863 2.788 3.541 4.174 4.612 5.125 5.353 5.548 5.757 5.802 5.851 
30 0.566 1.193 1.727 2.644 3.269 3.865 4.196 4.765 5.112 5.151 5.155 5.155 5.242 

60 0.563 0.890 1.467 2.451 2.841 3.619 4.043 4.612 4.879 4.837 4.825 4.851 4.872 
120 

----~443 0.760 1.460 2.240 2.795 3.605 ~ 4.496 4.779 4.803 4.821 4.802 4.815 
- --- -

1 h=6OX60s 

I-' 
'-0 
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