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ABSTRACT 

The aim of this work was to interprete the interaction of zinc with soils varying in 

composition and investigate methods for the removal of zinc from soil. 

The adsorption behaviour of zinc was evaluated with isotherms, kinetic studies and 

sequential fractionation. The findings derived from isotherms were in consistence with the 

results of sequential extraction experiments, suggesting the presence of more than two sites 

participating in the adsorption of zinc. Thus, it was presented that high affinity sites with 

high binding energies like iron and manganese oxides and carbonates were occupied at 

lower zinc concentrations, and low affinity sites with low binding energies like 

exchangeable sites at higher zinc concentrations. 

The removal of zinc with naturally occurring humic and fulvic acids was found to 

be low. The reason of this could not be explained by the number of functional groups 

involved in the extractions. The adsorption of humic and fulvic acid was proposed as the 

mechanism hindering the removal of zinc. 

The removal of zinc with synthetic chelating agents such as EDT A and DTPA 

increased with increasing EDT A and DTP A concentrations, revealing efficiencies over 

100 %. These observations were well explained with the stoichiometric molar ratios and 

the pH dependent speciation of EDT A and DTP A. 

Sequentia.l extraction experiments helped to understand from which soil fraction 

zinc was taken by humic acid, EDT A and DTP A. Thus, humic acid preferred to remove 

zinc adsorbed by the exchangeable sites of soils, whereas EDT A and DTP A took the zinc 

associated with carbonates and iron and manganese oxides. 
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OZET 

Bu c;a~manm amaCl c;inkonun toprak ile olan etkilef}imini yorumlamak ve 

c;inkonun topraktan giderimini ince1emektir. 

Cinkonun topraga baglanma davrantf}l adsorpsiyon isotermleri, kinetik ve ardlf}1k 

ekstraksiyon C;~malanyla degerlen~tir. isotermlerden elde edilen bulgular ard1f}1k 

ekstraksiyon c;~masmm sonuc;lartyla desteklenmif}tir. Buna gore, C;inkoyu daha yiiksek 

bagIanma enerjileriyle tutacak demir ve mangan oksit ve karbonatlar gibi elemanlar 

c;inkonun daha dii~ konsentrasyonlarmda kullamhrken, daha dUf}iik baglanma 

enetjileriyle C;inkoyu degi~tirilebilir durumda tutacak ogeler daha yiiksek vinko 

konsantrasyonlarda devreye girmekte oldugu an1a~~ttr. 

Cinko nun, dogal olarak bulunan hiimik ve fulvik asitlerce topraktan giderimi 

oldukc;a dii.~iik diizeyde bulunmu~r. Bu durum, humik ve fulvik asitlerde bulunan ve pH 

ile degi~kenlik gosteren fonksiyonel gruplarm ekstraksiyon srrasmdaki bulunu~ 

durumlartyla ac;tklanamamtf}trr, ancak hiimik asidin topraga tutumnaSllun konsantrasyonla 

artmasma dayanarak, hiimik ve fulvic asitlerin topraga baglanmasl nedeniyle oldugu one 

siiriilmuf}tiir . 

Cinkonun topraktan EDT A ve DTP A ile gideriminin ise bu maddelerin 

konsantrasyonunun artrnaslyla artmakta oldugu gOrU1mii~tiir. Bu yiiksek giderimler, molar 

kesir ve pH'ya bagh EDT A ve DTPA5nm degif}ik formlarda dagtlmlf} ohnaslyla 

aviklammrur. 

Yaptian ardif}lk ekstraksiyonlar yardnmyla c;inkonun hfunik asit, EDT A ve DTP A 

fie topragm hangi fraksiyonlarmdan almabildigi anla~t1tn1f}trr. Buna gore, hfunik asitin 

toprak elema:olarmm yiizeyinde deg~tirilebilir dururoda bulunan C;inkoyu aldlgl, EDT A ve 

DTP A'nm ise demir ve mangan oksitlere ve karbonatlara bagh vinkoyu aldlgl 

ogre~tir. 
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1. INTRODUCTION 

Soil heavy metal interaction has become an increasing interest, not only because of 

the danger of groundwater pollution but also the bioaccumulation of metals in crops 

(BorUvka et ai., 1997; Garcia Sanchez et al., 1999). Besides mining activities, increased 

agricultural practices like usage of sewage sludges and application of artificial fertilizers 

and pesticides resulted in deposition of heavy metals in soils from agricultural areas. 

Sewage sludges disposed off on land or used for soil amendment introduce appreciable 

amounts of copper, zinc, cadmium, and nickel into soil (Polo et al., 1999). Fertilizers and 

pesticides, on the other hand, are sometimes overused or continuously applied in order to 

increase crop production as much as possible. The introduction of zinc to soils of 

agricultural interest, for example, can be through continuous supplement of zinc fertilizers 

like zinc sulfate, zinc oxide, zinc chelate and spraying of fungicides like mancozeb, etc. In 

the soil, zinc,a chemically stable metal showing only a single valence, is present in 

combined fonn resulting from its interactions with soil minerals and organic matter 

(Krauskopf, 1972). 

Metals in soils can be associated with various components: adsorbed on surfaces of 

clay minerals, iron and manganese oxides; complexed with organic matter; present in 

lattice of secondary minerals like carbonates, phosphates, sulfates or oxides, etc. Possible 

reactions of metals with different adsorption sites were well described by Evans (1989). 

Generally, adsorption isotherms are used to evaluate the interaction of metals with soils. 

The influence of soil properties like clay, organic matter and carbonate contents, pH and 

CEC on the metal soil interaction was also explained with adsorption isotherms. Fitting the 

data into Freundlich, Langmuir and BET equations provide a better understanding of the 

interaction. On the other hand, the adsorption coefficients help to differentiate between the 

adsorption behaviour of metals in different types of soils. In general, isotherms offer useful 

information about the soil retention capacity, however this information is limited since it 

does not include the partitioning of metals with the soil constituents. Generally, to provide 

a deeper insight into the adsorption phenomenon and into its environmental and 

agricultural meanings, sequential extraction procedures are used. Sequential extractions 



2 

with selective extractants fractionate the metals bound to different soil constituents and 

thus provide information about their origin, bioavailability and potential mobilizability and 

transport in the environment. Among the many sequential extraction procedures described 

(Shuman, 1985; Ure, 1996; Maiz et al., 1997) the procedure developed by Tessier et al. 

(1979) is the most widely used speciation procedure reported in literature (Garcia Sanchez 

et al., 1999; Gomez Ariza et al., 2000). The procedure distnbutes the metals into five 

fractions: exchangeable, carbonate, iron and manganese oxide, organic and residual. 

Soils contaminated by heavy metals have been remedied either by landfilling after 

excavation or by in-situ or ex-situ treatment methods. Treatment methods are based on the 

same principles: 1) physicochemical stabilization/immobilization and 2) extraction. 

Ext!:action or mobilization of metals is accomplished by using acidic or chelating agent 

solutions, which are able to recover the metals bound to soil particles by either changing 

the pH or by forming stable complexes. The inconvenience of acid treatment is that it is 

not selective for heavy metals and destroys important soil components, especially in 

carbonate rich soils (Theodoratos et al., 2000). Chelating agents such as nitrilotriacetic 

acid (NT A) , ethylenediaminetetraacetic acid (EDT A) and diethylenetriaminepentaacetic 

acid (DTPA) are less damaging the soil matrix and therefore are often suggested as 

alternatives to straight mineral acid solutions (Jianzhen and Klarup, 1994). 

In this study the properties of soils from greenhouses located in three different 

regions of Turkey, namely Fethiye (Mediterrenian region), Izrnir (Aegean region) and 

Samslll1 (Black Sea region) were examined and the influence of soil constituents on zinc 

adsorption was indirectly evaluated. The adsorption behaviour of zinc was evaluated with 

isotherms, kinetic studies and sequential fractionation. The influence of soil composition 

and soil pH on the adsorption behaviour and on the removal efficiency was presented. The 

removal of zinc from greenhouse soils, by using naturally occurring humic and fulvic acids 

and synthetic chelating agents EDT A and DTP A, was examined. Humic and fulvic acids 

are polydentate, high molecular size chelating agents, whereas EDT A and DTP A are 

oligodentate, low molecular size chelating agents. With the help of sequential extraction 

experiments, it was possible to assess from which fraction zinc could be removed by 

chelating agents. These successive steps may lead to the interpretative assessment of the 

interaction between the soil components and model metal, zinc. 
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2. THEORETICAL BACKGROUND 

2.1. Soil 

2.1.1. Definition of Soil 

Soil, the upper part of soil crust of earth, is fonned over time by the weathering of 

parent materials and decomposition of organic matter from plant and animal litter. It is 

differentiated into horizons, of variable depth, which differs from the material below in 

morphology, physical make-up, chemical properties and composition, and biological 

characteristics. The definite horizons of soil make up the soil profile. Mostly, th~ boundary 

between the horizons in a soil profile is recognizable due to changes in color, texture, 

structure, consistence, porosity, presence and absence of certain metals like iron, moisture, 

etc. A hypothetical soil profile, showing the various horizons, which might be possible in a 

highly developed soil, is presented in Figure 2.1. 

The horizons in a soil profile are shown by letters. The topsoil, Oland 02, is 

composed of 20-30 % or more of fresh and partially degraded organic matter. The A 

horizon, the upper part of profile, demonstrates the highest biological activity. Clays and 

oxides of iron and aluminium are leached from this horizon and are translocated to lower 

horizons by internal washing in the soil. This process of rinsing through upper horizons 

and removing finer particles and minerals is termed eluviation. The B horizon, in contrast 

to the A horizon, is the layer where clays and oxides of iron and aluminium accumulate. 

This depositional process is termed illuviation. A and B horizons make up the solum. The 

third layer, the C horizon, is weathered bedrock or weathered parent material, excluding 

the bedrock itself The C horizon is not afiected by the soil operations in the solum and 

lacks clay concentrations. Soil roots and soil microorganisms are rare in this layer. 
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Figure 2.1. Hypothetical soil profile showing the principal horizons (Millar et. ai, 1958). 
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Soil, as a heterogeneous porous medium, is rnade up of solid, liquid and gaseous 

phase. Depending on its texture, the solid phase roughly m...akes up approximately 50 % of 

soil as mainly mineral and organic constituents. The mineral portion is derived from parent 

materia~ whereas the organic largely from vegetation. The porous phase, on the other 

hand, might be occupied nearly equally by water and air, depending on the texture and 

structure of soi4 and on climatic conditions. In Figure 2.2 an approximate volume 

composition of a representative silt loam surface soil can be seen. 
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Figure 2.2. Composition by volume ofa typical topsoil (Ellis and Mellor, 1995). 

2.1.2.1. Soil Minerals: Soil minerals that are more or less unchanged in composition 

from the original rock are called primary minerals. Quartz, feldspar, mica, etc. are primary 

minerals. Other minerals that are formed by weathering of less resistant minerals or during 

soil formation process are called secondary minerals. Silicate clays and iron oxides are 

examples of secondary minerals. Generally, primary minerals dominate in the coarse 

fraction of soil, like sand and silt, while secondary minerals in the fine materials. 

Gravel and sand, which are made up of primary minerals, are chemically inactive.­

However, they support drainage and air movement. Silt particles, on the other hand, are 

actually microsand particles. Their relatively low particle size and related higher surflice 

area make it possible to carry a clay film enabling them to take part in chemical reactions 

to a lesser extent. Sand and silt, which are made up weatberable minerals like feldspar and 

mica, are able to slowly release ions that supply plant needs or recombine to form 

secondary minerals like clay. Among mineral constituents of soil the most chemically 

active fraction are clay minerals. This feature is attnbuted to their low particle size 

« 0.002 mm) and consequently high surfuce area. The chemical structure of clay minerals 

is explained in more detail below. 
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Clay Minerals: Clay minerals are formed by either simple alterations of the original 

mineral, which keeps its structure maintained, or by complex transformations. In the latter 

process, the clay minerals are formed by precipitation of dissolved minerals. Minerals like 

hydrous oxides of iron and aluminium are also formed by this recrystallisation process. A 

diagram showing the general conditions for the formation of various silicate clay minerals 

and the oxides of iron and aluminium can be seen in Figure 2.3. 

Microcline 
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Figure 2.3. General conditions for the formation of various silicate clays and the oxides of 

iron and aluminium (Buckman and Brady, 1961). 

Clay minerals, in general, represent layers of silica and aluminium sheets. Silica 

sheets are made up of various Si-O tetrahedral structures, in which one silicon atom is 

centered between four oxygen atoms. Aluminium sheets, on the other hand, are made up of 

AI-O octahedral structrures, in which one aluminium atom is centered between six oxygen 

atoms. Different arrangements of these sheets result in the formation of clay mineral like 

kaolinite, montmorillonite, illite and vermiculite. Kaolinite is composed of one silica sheet 

and one aluminium sheet, indicated by the ratio of 1: 1. Monmorillonite, illite and 

vermiculite are examples of 2: 1 silica-aluminium sheet. Clays that have two silicate sheets 

and two aluminium sheets are known as 2:2 clay minerals like chlorite. The silicon and 

aluminium atoms in the sheets, called the coordinating atoms, are replaced by other atoms 

with lower valence like iron, manganese and magnesium. The permanent negative charge 
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or cation exchange of clay colloids is due to this cation substitution. The location of cation 

substitution, whether it takes place in the silica sheet or aluminium sheet, also controls the 

expansion and specific surface of 2:1 clay minerals. 1:1 and 2:2 clay minerals (e.g. 

kaolinite and chlorite) do not exhibit significant expansion. 

Minerals other than clay: In addition to clay minerals soils contain at minor amounts a 

variety of minerals like oxide minerals, calcite (CaC03), calcium sulfates (CaS04), and 

anatase (Ti02) and amorphous silica. Oxide minerals present in soil are the free oxides and 

hydroxides of iron, aluminium and manganese. Iron oxides occurring in soil are goethite 

(a-FeOOH), hematite (a-Fe203), lepidocrocite (p-FeOOH) and maghemite (y-Fe203). They 

vary greatly in size, shape and surface morphology. The surface of iron oxides is often 

hydroxylated, either structurally or through hydration of the Fe ions. Aluminium oxides 

present in soil are gibbsite [y-Al(OH)3] and boehmite (y-AlOOH). Aluminium oxides in 

comparison to iron oxides are larger. Manganese oxides like birnessite and pyrolusite, on 

the other hand, occur in soil as very small (~1 0 nm) structurally disordered crystals. Metal 

oxides are present in soil as free oxides, clay edges and clay mineral coatings. They carry a 

charge due to the protonation and deprotonation of the oxygen coordinated to the metal. 

Depending on the pH of soil solution and point of zero charge (PZC) of oxide, this charge 

can be positive or negative. However, the number of this pH dependent charge is smaller 

than that of clays and therefore, cause to adsorption at a much lower degree. Depending on 

the parent materials, some soils may contain significant quantities of relatively high 

surface, soluble calcite or calcium sulfate. It is generally agreed that CaC03 surfaces 

provide sites for metal-surface interaction via specific adsorption or speciation reaction 

(Martinez and Motto, 2000). 

2.1.2.2. Soil Organic Matter: Soil organic matter is defined as the nonliving portion 

of the soil organic fraction, and it is formed by decomposition of plant and animal tissue 

and by microbial synthesis. Although it makes only a small part of soil, about 3-5 % by 

weight of a representative mineral topsoil (Buckman and Brady, 1961), it has a great 

influence on the physical, chemical and surface properties of soil material. Soil organic 

matter is a major soil source of three important mineral elements, nitrogen, phosphorus and 
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sulfur and therefore supports plant growth. It also tends to increase the water holding 

capacity of soil and is the main energy source for soil microorganisms. 

The soil organic matter may be considered to consists of two general groups: 

(1) original tissue and its partially decomposed equivalents; and (2) the humus. Humus, 

also known as humic substances, is produced at the end of the humification process, which 

involves the complex reaction of various decomposition products to produce large, 

complex molecular chains, or polymers. The number of molecules involved in this process, 

as well as the number of ways in which they combine is almost unlimited~ which explains 

the heterogeneity of humic material in soil. A schematic representation of humification 

process can be seen in Figure 2.4. 

DEGRAOATION Of LIGNIN 
(CONifEROUS LIGNIN) 

DEGRADATION OF 
PROTEINS 

PROTEINS __ 
PEPTlOE5 __ 

AMIHO ACIOS __ 

AMMOHIA 

OEGRADATION OF 
CAReOHY[)AATES 

PHENOLS BY 
MICR08IAL SYNTHESIS 

Figure 2.4. Schematic representation of humic substances in soil (Yaron et al., 1996). 

Humic substances are polar, amorphous, brown or black, hydrophilic, acidic, 

polydisperse substances with a wide range in molecular weight from a few hundreds to 

several thousands. Their approximately elemental composition on an ash free basis is as 
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follows: 44-53 % carbon, 40-47 % oxygen, 3.5-5.5 % hydrogen and 1.5-3.5 % nitrogen 

(Ellis and Mellor, 1995). They contain various functional groups like phenolic OR, 

carboxylic and aliphatic OH groups. Based on their solubility behaviour humic substances 

can be differentiated into three main fractions: humic acid, which is soluble in dilute alkali, 

but precipitates in acid solution; fulvic acid, which is soluble in both alkali and acid 

solution; and humin, which is insoluble both in alkali and acid solutions. Proposed 

structural formulae for humic and fulvic acid can be seen in Figure 2.5. 
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Figure 2.5. Model of soil humic and fulvic acids (Evangelou, 1998). 
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Generally, humic and fulvic acids have a similar structure but differ in molecular 

weight and elemental and functional group contents. Humic acids are higher in molecular 

weight (10000-50000) and contain less oxygen-containing functional groups and elemental 

oxygen when compared to fulvic acids, which have a molecular weight in the range of 

500-7000. A high portion of oxygen in humic acids occurs as a structural component of the 

nucleus, whereas the oxygen in fulvic acids is taking part in functional groups. 

Additionally, humic acids contain higher nitrogen and carbon per unit weight. 

In genera4 hurnic substances possess structural lability due to intermolecular 

association and molecular conformation changes in response to changes in pH, etc. 

(Evangelou, 1998). Under neutral or slightly alkaline conditions, the molecules are in an 

expanded state as a result of the repulsion of the charged acidic groups, whereas at low pH 

and high salt concentration, contraction and molecular aggregation occur due to charge 

reduction (Yaron et al., 1996). Humic substances have a negative charge originating from 

the dissociation of the hydrogen ions frum the -OH of carboxyl, aliphatic and phenolic 

groups. 

2.1.2.3. Soil Solution: The soil water together with its dissolved salts makes up the 

soil solution. Sources of soil water are precipitation and ground water. Precipitation might 

take place in various forms of which rain, snow and hail are the main forms. It introduces. 

dissolved atmospheric ions like sodium, chloride, and molecules like carbon dioxide and 

sulfate into the soil medium. Other inorganic and organic ions and unionised molecules 

present in soil solution arise from mineral weathering and organic matter decomposition. 

Examples are bicarbonate, iron, aluminium, silica, nitrate, phosphate, etc. Besides the 

mineralization process during organic matter decomposition, nitrate and phosphate are also 

added to the soil medium by fertilizer application like calcium, potassium and ammonium. 

The composition of soil solution is continuously changing depending on the intimate 

association between the water, clay and humus and plant roots. It involves the exchange of 

ions between these components. 
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2.1.2.4. Soil Air: Pores, which are not occupied by water, are filled with air. The soil 

air is continuous with the atmosphere only when compaction or crusting is not occurring; 

otherwise the soil air is entrapped in the soil pores making its composition variable from 

place to place in the soil. The gases move along gradients of partial pressure, so that 

oxygen migrates from the atmosphere into the soil, and carbon dioxide and water vapour 

from the soil into the atmosphere. Movement of gases occur mainly by diffusion but also 

by mass flow or in dissolved form. Besides from the atmosphere, the gaseous constituents 

of soil air are also derived from the respiration and metabolism of soil organisms and from 

the evaporation of moisture. Thus, the soil air differs from that of the atmosphere in several 

aspects. The carbon dioxide content is higher than that of atmosphere, and oxygen lower. 

Nitrogen is present in amounts similar to that present in the atmosphere. 

2.1.3. Properties of Soil 

2.1.3 .1. Physical Properties of Soil: Interactions and transfonnations in soil are 

mainly governed by the physical and chemical properties of soil in general. Physical 

properties of soil are texture, structure, consistence, porosity, density, color and 

temperature. 

Texture: Texture, which refers to the fineness and coarseness of soil, is the relative 

proportions of the different size groups namely sand silt and clay. Since the particle size 

distribution determines the amount of surface on which physical and chemical reactions 

occur, the texture of soil is very important. Soil group or separates are formed on the basis 

of their size, without taking into account their chemical composition, color, weight or other 

properties. As can be seen from Table 2.1, they consist of mineral particles less than 2 mm 

in diameter. 

Since a soil separate rarely makes up the soil, they are grouped on the basis of 

proportion to create the soil textural classes. Simply when the percentage of clay, silt and 

sand is known the soil class can be determined by the use of textural triangle (Foth, 1990). 
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Table 2.1. Some characteristics of soil separates (Foth, 1990) 

-----------~-=-=-------,===-----------------------------------~ 

Separate 

Very coarse sand 

Coarse sand 

Medium sand 

Very fine sand 

Fine sand 

Silt 

Clay 

Diameter, 

mma 

2.00-1.00 

1.00-0.50 

0.50-0.25 

0.25-0.10 

0.10-0.05 

0.05-0.002 

< 0.002 

Diameter, 

mmb 

2.00-0.20 

0.20-0.02 

0.02-0.002 

< 0.002 

Number of 

Particles per 

gram 

90 

720 

5,700 

46,000 

722,000 

5,776,000 

90,260,853,000 

a Unit~d St~te;=Dep8rt~e~t of Agricclt~re SYstem.' ,.~.~,~ .. 

b International Soil Science Society (ISSS) System. 

Surface Area in 

1 gram, cm2 

11 

23 

45 

91 

227 

454 

8,000,000c 

C The surface area of platy-shaped montmorillonite clay particles determined by the glucol 

retention method by Sor and Kemper. 

Soil Structure: As the term texture is referred to the size of soil particles, structure 

is used in the reference of arrangements of the particles. Structure refers,to the aggregation 

of primary soil particles (sand, silt, clay) into compound particles or clusters of primary 

particles, which are separated from the adjoining aggregates by surfaces of weakness 

(Millar et al., 1958). Due to different arrangements of sand, silt and clay into secondary 

particles, the aggregates, the soil structure can be divided into four principal types namely 

platy, prismlike, blocklike and spheroidal Soil structure influences mainly the infiltration 

rate of water. Spheroidal soils, for example, have rapid infiltration rates, whereas blocky 

and prismatic soils have moderate rates. Platy and massive soil structure, results in slow 

infiltration rates. 

Soil Consistence: Consistence is the resistance of the soil to deformation and rupture. 

It deals with the strength and nature of forces between sand, silt and clay particle. 

Consistence is more important for tillage and traffic considerations (Foth, 1990). 
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Porosity: The solid fraction of soil, which is made up of mineral and organic 

particles, is about 50 % of soil. The remaining fraction of soil is the pore space within the 

particles. The proportion of soil occupied by pore space depends on both the texture and 

structure of the soil, because space exists between soil grains as well as aggregates. Pore 

spaces are important, because they contain air and moisture and allow movement. 

Density: Particle density and bulk density are used to describe the density of soil. 

Particle density is usually defined as the mass of a unit volume of soil solids. Since only 

solid particles are considered, it is a constant and does not vary with the amount of space 

between the particles. For many soils the particle density will average about 2.65 g/cm3 

(Millar et al., 1958). Bulk density is defined as the mass of unit volume of dry soil and is 

the density of the bulk soil in its natural state, including both the particles and pore space. 

The bulk density of a given soil is variable due to its varying volume of pore space. The 

bulk density of a mineral soil ranges between 1.0-2.0 g/cm3 (Buckman and Brady, 1961) 

and for organic soils between 0.1-0.6 g/cm3 (Foth, 1990). 

Color: The color of soil is an indirect measure of other important characteristics such 

as water drainage, aeration and organic matter content. Major coloring agents of soil are 

organic matter and iron compounds in various states of oxidation and hydration. Organic 

matter gives a black color whereas iron oxides a reddish color. Generally, color in each 

horizon mainly depend on the nature, amount and distribution of coloring agents. 

Temperature: Temperature affects many processes in the soil; not only life processes 

of plants and animals, but also plays a role in rock weathering, structure formation, etc. 

The temperature of soil, besides many factors, is also influenced by soil color and texture. 

2.1.3.2. Chemical Properties of Soil: 

and soil pH. 

Two main chemical properties are ion exchange 
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Ion Exchange: Ion exchange involves cations and anions that are adsorbed from 

solution onto negatively and positively charged surfaces, respectively. The dominating 

exchange is cation exchange rather than anion exchange. In the cation exchange process, 

the cation in solution replaces another cation on the surface of a negatively charged 

colloid. The colloid can be a clay or an organic colloid. 

The exchange of a cation adsorbed on these negatively charged colloids by a cation 

in solution is influenced by factors such as (a) relative concentration or numbers of the 

ions, (b) the number of charges on the ions and (c) the speed of movement or activity of 

the different ions. The speed or activity of an ion is primarily a function of its size, but the 

degree of hydration must also be considered. A listing of the more common ions in 

descending order of replacing power is: H Sr Ba Ca Mg Rb K NIL Na Li (Millar et 

aI, 1958). 

The cation exchange capacity (CEC) of soils is defined as the sum of positive (+) 

charges of the adsorbed cations that the mineral fraction (clays, etc.) and organic fraction 

(humic substances) of soil can adsorb at a specific pH (Foth, 1990). The CEC of clay 

minerals is directly dependent on surface area, which is different for each clay type. As can 

be seen from Table 2.2, 1:1 type clays like kaolinite, have low surface area and thus lower 

CEC. The expandable 2:1 type clays like montmorillonite and venniculite, on the other 

hand, possess higher surface area and consequently higher CEC. 2:1 type clays 

representing a non-expanding nature like illite have again a reduced surface area and 

therefore limited CEC. 

Table 2.2. Characteristics of three clays (Haque, 1975) 

Cl~y - -"=-==~--~-""-"~-----~-="=~~~----~~~~--iyp~*----=~=S~face af;~-~~Catr;n ~~h~g~ ~apicity ~~~-

m2
jg meqll 00 g 

... - -------
Kaolinite (non-expanding) 1:1 25-50 2-10 

Montmorillonite (expanding) 2:1 700-750 80-120 

Illite 2:1 75-125 15-40 
!'it'"- _~""==-~=-o;~-""~'--""'~-==:;-=,...='-"'.=========-.==r-=--= ____ ._'=--=-~_.,,;=__=_=_.=_==""""===_...==.=~ -~-.,.---=<"-"""'== 

. number of silica sheets:number of alumina sheets 
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Soil organic matter usually have a large surface area (500-800 m2/g) and thus 

exhibit high cation exchange capacity (200-400 meq/100 g), many times higher than 

various clay minerals. The high CEC of organic matter is not only due to its relatively high 

surface area but also related to the presence of various functional groups. 

The pH of soil highly influences both the CEC of soil organic matter and clay 

minerals. Generally, the CEC of soil increases with increasing soil pH. In the case of soil 

organic matter, for example, the CEC is about 36 cmolJkg at a pH of2.5; whereas at pH 8 

about 213 cmolJkg (Evangelou, 1998). The influence of pH on the CEC of clay is more 

dependent on the type of clay; kaolinite and oxidic clays are more sensitive than the 2:1 

clays. 

The anion exchange of soil is more due to the replacement of hydroxyls in the clay 

minerals by anions like nitrate, phosphate and sulfate. Such a capacity of soil is inversely 

related to the soil pH. 

Thus, it appears that the anion exchange capacity (AEC) of mineral decreases as the 

pH rises above 3, but cation exchange capacity (CEC) remains unaffected up to pH 5 and 

increases significantly above 5 (Evangelou, 1998). 

Soil pH: The soil pH is an important property since it influences the ion exchange 

capacity and the availability of nutrients. High soil pH, for example, decreases the 

solubility of iron resulting in iron deficiency for plant growth. The pH of soil mainly 

depends on the parent material, the soil organic content and biological activity of 

microorganisms, etc. Parent material, which contain calcium carbonate or sodium 

carbonate result mostly in alkaline soils due to the release of hydroxyl ions via hydrolysis 

of these compounds. Mineralization of organic compounds leads to the formation of 

organic acids and some other nitric and sulfuric acids. Biological activity, on the other 

hand, generates carbon dioxide contributing to the acidity of soil. 

Buffering Capacity: The soil exhibit great resistance towards changes in pH. This is 

due to the buffering capacity of soil, which is defined as the ability of ions associated with 

the solid phase to buffer changes in ion concentration in the solution phase. The higher the 
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exchange capacity of a soil the greater will be its buffering capacity. This is because more 

H+ ions and metallic cations must be interchanged to result in a rise or lowering in pH. 

Decomposition of plant and animal litter to various organic acids like humic and 

fulvic acids, or addition of fertilizers or agricultural lime to soils introduces Jr, OH- and 

various other cations and anions to soil solution. The ions will be exchanged or bound by 

other ions in solution, thus avoiding their influence on soil pH and biological activities. For 

example, W introduced into the soil solution results in the replacement of exchangeable 

bases adsorbed on mineral surface. Adsorption of W on mineral surface eliminates a sharp 

decrease in pH, thus maintaining solution pH at approximately condition. On the other 

hand, addition of lime results in release (desorption) of hydrogen ions from mineral surface 

into the soil solution. As a consequence, the pH rise will be negligible. 

2.1.3.3. Surface Charges of Soil Components: Soil components like clay and humic 

compounds are due to some mechanisms electrically charged. These charges can be 

divided into two groups, namely pennanent structural charges and variable charges. 

Permanent charges at the day mineral surface are generated by lattice substitution 

within the layers oftetrahedral or octahedral sheets. Substitution of Si4+ by Al3+, or Al3+ by 

Mg2+ will create negative charges while the substitution of Al3+ by Ti4+ positive charges. 

The overall charge on the unit structures of clay minerals is, however, always negative 

(Evans, 1989). 

Variable charges a-tise from the OH at the edges of clays, or from the surfaces of 

AI, Fe and Mn oxides amd hydroxides (= S) able to adsorb H+ and OH-. \\'hen protons are 

adsorbed positive charges are created (2.a), and when they are dissociated negative charge 

(2.b). Thus, variable charges are pH dependent, whereas permanent charges are not. 

Variable charges also develop in humic constituents of soil (= R) due to the ionization of 

functional groups like phenolic OR, carboxylic and aliphatic OH groups, the dissociation 

of carboxylic acid group can be seen in (2.c). 

(2.a) 



== S - OHo ~ == S - 0- + W 

== R-COOH ~ == R-COO- + H+ 

(2.b) 

(2.c) 
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The ionization of functional groups depends on their pKa, the negative logarithm of 

dissociation constant Ka. Each functional group on different surfaces has a different pKa 

value. The clay mineral, for example, has three different OH functional groups; the 

-AI-OR (at the octahedral sheet), the -Si-OH (at the tetrahedral sheet) and the intermediate 

-Si-AI-OHz (OR shared between both sheets) with pKa of around 5, 9 and 6-7; 

respectively. A surface functional group with pKa of 5 signifies that at pH 5 half of the 

surface is dissociated and, therefore, its negative charge is one half of the potential 

maximum. At approximately two pH units above the pKa, all of the surface groups are 

dissociated and thus the negative charge approaches maximum. At approximately two pH 

units below the pKa, all of the surface groups are protonated and thus the negative charge 

approaches zero. The pKa value of aliphatic and phenolic OH functional group of soil 

organic matter is near 9, whereas that of the carboxylic group is around 4. 

The negative and positive charges of mineral surfaces might be equal at a specific 

pH. This pH at which the surface charge is zero is referred to as the point of zero charge 

(PZC). Below this pH the surface is positively charged and above this pH it is negatively 

charged. Most variable charge soils with low organic matter have a zero point of charge in 

the pH range of 5-5.5 (Harter and Naidu, 1995). In Table 2.3, the PZC of various minerals 

commonly found in natural soil are presented. 

Table 2.3. Examples of oxides and pH of point of zero charge (Evangelou, 1998) 

Oxide pHpzc 

Aluminium trihydroxide 5.0 

Iron oxide 6-8 

Manganese oxide 2-4.5 

Silicon oxide 2 

Kaolinite 4.5 

Montmorillonite 2.5 



18 

2.1.4. Interactions in Soil Medium 

Soil medium represents a multi-component system, each component having 

different surface characteristics and binding affinities to inorganic and organic compounds. 

Considering surface interactions of individual components separately, without taking into 

account symbiotic and competitive relationships, might bring an insight to the complex 

sorption phenomenon of soil, 

2.1.4.1. Interactions Between Soil Constituents: Soil as a heterogeneous medium 

involves multi-component association among humic substances, clays, metal oxides, 

CaC03, and other minerals. Generally, the surface of clay minerals is covered by metals 

oxides, organic matter, etc. For instance, in soil horizons rich in organic matter, amorphous 

iron oxides are hydrated and are present as positively charged iron hydroxides. Due to this 

positive charge they are either attached on the negatively charged clay surfaces or are 

chelated by organic acids. Coating by mineral oxides mostly blocks the access to active 

sites leading to a decrease in CEC of clays. As iron oxides are negatively charged, they 

attract positively charged metals in solution. The nature of clay surfaces is also altered 

when organic matter adsorb on the clay surface. Depending on the its chemical structure, 

organic compound in most cases increasing the net surface negative charge density, but ~ 

sometimes also reducing the availability of sites to metal ions. 

The most extended interactions between soil constituents are those between clay 

minerals and humic substances like humic acid and fulvic acid. These acids are capable of 

combining with their various functional groups to the clay surface depending of pH of soil 

solution. Theng (1979) emphasized that the quantity of dissolved organic matter adsorbed 

tends to decrease as pH increases above 4. When both the organic acid and the clay surface 

are negatively charged, they expel form each other, thus adsorption of humic and fulvic 

acid occur only when polyvalent cations like Ca, AI, Fe are present, Possible mechanisms 

of clay-humate complex formation are (Evangelou, 1998): 
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1. By anion and ligand exchange to clay edges 

2. By cation or water bridges to basal clay surfaces 

3. By H-bonding to the siloxane or gibbsite sheet 

4. By van der Waals forces 

5. By trapping in the crystal pores 

6. By adsorption in interlayer spaces 

A schematic diagram of a clay-humate complex is presented in Figure 2.6. 

IIII 

Figure 2.6. Schematic diagram of a clay-humate complex in Soil (Stevenson and Ardakani, 

1972). 

Sorption of organic compounds by iron, aluminium and manganese oxides also 

occur, but their effect on the oxide surface is mainly depending on the size of organic 

molecule, pHpzc of oxide and on the pH of soil solution. Low molecular organic 

compounds occupy sites on surface thus limiting the sites for metal retention. The sorption 

of high-molecular-weight organics like humic and fulvic acids, on the other hand, increases 

sorption sites, as in the case of days. Sorption of these acids to aluminium oxide surface 

seems to occur by hydrogen bonding, thus increasing metal sorption sites. New sorption 

sites are also created at iron and manganese oxide surfaces due to the reduction of iron or 



20 

manganese by sorption of organic reductants. Silica oxide surfaces, however, are less 

sorptive toward organic molecules, but if ever occur via metal bridging mechanism. 

2.1.4.2. Interactions Between Metals and Soil Constituents: Metals are released 

from the parent soil material or are introduced into the soil by various activities. The 

retention of metal ions in soil medium is depending on the concentration and nature of 

cations, like their valencies and hydrated radii, and on the activity of surface sites of each 

soil constituent. The activity of soil surface site is determined by the nature of site, whether 

it is a permanent charge surface site or variable charge surface site, and by the pH of 

solution. Accordingly, each soil constituent represents a different binding affinity to the 

metal. In a multi-component system, competition exists among various metal ions for 

different sorption sites. The presence of organic molecules, like humic and fulvic acids, has 

an additional influence on competitive metal sorption. Depending on the dissociation of 

functional groups they react either with the mineral surface or with the metal. Metal ions 

complexed with organic molecules may still react with the surface or may stay in solution 

as chelates. 

Depending on the conditions, metals may also precipitate with other compounds of 

soil. Among the most important of these precipitates are the oxides, oxyhydroxides, 

hydroxides, carbonates; sulfides, phosphates and silicates probably are of lesser 

importance. The hydrolysis reaction can precipitate hydroxides and oxyhydroxides if the 

soil solution becomes supersaturated by the metal ion and the OH- ion. Metals that might 

h dr 'd 3+ Al+3 C 2+ F 2+ Z 2+ d Cd2+ Similar' 1 be expected to occur as y OXl es are Fe, ,u, e , n ,an . yare 

metallic carbonates and sulfides formed, however supersaturation of carbonates and 

sulfides is dependent on the partial pressure of gaseous CO2 and H2S since these control 

the concentration of C032- and S2- in soil. Metals that might be expected to occur as 

carbonates in soil are Ca2+, Sr2+, B~+, Fe2+, Zr?+, Cd2+, and Pb2+. Metals that might be 

l.;Cd d d' d' . A + N'2+ Z 2+ Cd2+ H 2+ expected to occur as Suru es un er re ucmg con lhons are g, 1, n, ~ g , 

Fe3+. 



21 

2.2. Adsorption 

2.2.1. Adsorption Pf'ocess in General 

Adsorption is a process by which ions or molecules present in one phase tend to 

concentrate on the surface of another phase. The material being concentrated or adsorbed is 

the adsorbate and the surface on which it accumulates is the adsorbent. 

Adsorption of a molecule on surfaces results from its relative affinity for each 

surface, which is related to the nature of forces between the molecule and the surface. Type 

of interactions occurring during physical adsorption may be hydrogen bonding, direct and 

induced ion-dipole interactions, dipole-dipole interactions, etc. According to the nature of 

interaction dominating in the process, adsorption can be physical and/or chemical. Physical 

adsorption, also called physisorption, comprises all weak interactions like electrostatic 

forces, e.g. van der Waals interactions (von Oepen et al., 1991). Electrostatic forces, for 

example, result in the attraction of an ion to sites with opposite charge. Physical adsorption 

is categorized as non-specific adsorption and characterized by exhibiting lower heat of 

adsorption « 1 0 kcallmol). The molecule is not affixed to a particular site of the surface. 

The chemical adsorption or chemisorption, on the other hand, involves the formation of 

much stronger bonds, generally covalent bonds, between the molecule and the surface site 

than in physisorption. Since adsorption occurs at a specific site chemical adsorption is 

categorized as specific adsorption, seldom reversible. Additionally it is differentiated from 

physical adsorption by the heat of adsorption, which exceeds 20 kcallmol. 

2.2.2. TYJP!e§ oj[ MeU:21ll Ad§o1rptiol!ll on Exchange Sites of Soil 

Metals are adsorbed specifically or non-specifically on the exchange sites of clays, 

iron, aluminium and manganese oxides and natural organic compounds like humic and 

fulvic acids. Specific adsorption results in inner-sphere complexes, which reside in a plane 
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near the surface. Non-specific adsorption, on the other hand, generates outer-sphere 

complexes, which reside in an adjacent plane that is further from the surface. Those metals, 

which are not complexed in solution reside in a diffuse layer (Evans, 1989). 

Non-specific adsotption: When the adsorption reactions involve only weak 

associations like electrostatic forces between the positively charged cation and negatively 

charged soil surface then weak outer sphere complexes are formed. This type of bonding is 

called non-specific adsorption or cation exchange. The metals adsorbed are easily 

exchanged by other metals, since non-specific adsorption does not involve covalent 

bonding. Metals retained on soil particles mostly by non-specific adsorption are alkali and 

earth alkali metals like Na+, Ca2+, and Mg2+. 

Non-specific adsorption on soil particles can develop both on its variable charge 

surface and its permanent charge surfac~. Since the charge on permanent snrfaces is 

stronger, cation exchange on clay minerals is accepted to occur more. For soil organic 

constituent, non-specific adsorption happens by the exchange of proton of functional 

groups by the metals in solution. 

Specific adsorption: When the adsorption reactions occurring between metallic ions 

and the charged surfuce of soil particle involve ligand exchange reactions, strongly bound 

inner-phere complexes are formed. This types of complexes occur most readily on oxide 

and hydroxide surface, such that of goethite and gibbsite (Evans, 1989). Specific 

adsorption, includes fonm.tion of covalent bonds, thus the adsorbed species are not readily 

displaced. On variable charge surfaces, specific adsorption is particularly important for 

metals that readily hydrolyse in water and for metals that form oxyanions. At constant 

charge surfaces £'l-ssociated with phyllosilicate clay minerals, specific adsorption is 

important for the larger monovalent cations. 

Metals are specifically adsorbed by organic constituents when associations between 

them and the coordinating functional group of humic substance are formed. These 

functional groups behave like complexant organic ligands since they contain more than one 



23 

donor atom. When the metal is bound to at least two of the donor atoms chelated 

complexes can be produced. Donor atoms of organic constituents are 0, N, and S which 

are contained within basic groups like -NH2 (amino), =0 (carbonyl), -OR (alcohol), -S­

(thioether) or within acidic groups like -COOH (carboxyl), -OR (phenolic) and -SR 

(thiol) of humic substances. Generally, Metal-organic complexes experience three types of 

interactions, which can be summarized as follows; 

1. Protons (ff) compete with cations for organic binding sites 

2. Hydroxyl ion (OH) competes with humic substances for the cationic metal-ion 

3. Soft metals compete with hard metals for organic functional groups 

A simple schematic presentation of metal-humic substances complexation can be 

seen in Figure 2.7. Accordingly, 1 explains electrostatic interaction taking place between 

the metal ion and the oxygen atom of the carboxylate group. 2a and 2b explain inner-phere 

complexation formed between the metal ion and the carboxylate groups of the humic 

substance. J. explains a weak interaction via bridging between the oxygen of water and 

metal through hydrogen bonding 

1 

o 
OH II 

c-o 
I """M 
c-o/ 

~ 2b 

Figure 2.7. Schematic presentation of metal-humic substances complexation (Evangelou, 

1998). 
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2.2.3. Adsorption Isotherms 

An adsorption isotherm or curve is a graphic representation showing the amount of 

solute adsorbed by an adsorbing surface as a function of the equilibrium concentration of 

the solute (Roy et al.~ 1991). Thus~ when the amount of adsorbed compound per unit 

weight of adsorbent is plotted against the concentration of adsorbate at equilibrium, the 

arising shape of curve gives an idea about the adsorption mechanisms involved. It should 

be stated that equilibrium is the point at which the rate of the adsorption reaction equals the 

rate of desorption reaction~ meaning that the concentration of adsorbate in solution is equal 

to that on the adsorbing surface. Different solutes show different adsorption behaviour on 

an adsorbent~ reflecting this variation in the shapes of their adsorption curves. The shape of 

curve also varies when the same adsorbate is adsorbed on different adsorbents, e.g. soils 

with different clay and! or organic matter content. Depending on their shapes, adsorption 

isotherms can be classified into four types, Figure 2.8: 

4) L-type isotherm is characterized by an initial slope that does not increase with 

adsorbate concentration in solution. This behaviour points out the high relative 

affinity of adsorbent for the solute at low concentration and a decrease of free 

adsorbing surface. It usually indicates chemisorption, e.g. phosphate-soil 

interaction. 

e S-type isotherm is characterized by an initial slope that increases with adsorbate 

concentration in solution. This suggests that the relative affinity of the adsorbent 

for the adsorbate at low concentrations is less than the affinity of the adsorbant for 

solution ligands, meaning that adsorption proceeds after the saturation of ligand, 

e.g, aluminium~fulvic acid-clay interactions. 

tD C-type isotherm. is characterized by an initial slope that remains independent of the 

adsorbate concentration in the solution under possible experimental condition. This 

describes partitioning mostly observed for interactions between a generally 

hydrophobic adsorbate "rith a hydrophobic adsorbent, e.g. pesticide organic matter 

interaction. 

o H-type isotherm is actually an extreme case of L-type isotherm, describing strong 

chemisorption interactions. It is characterized by a large initial slope, which 
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indicates the high affinity of adsorbent for the adsorbate, e.g. phosphate-iron oxide 

interactions. 

+ L-type + 5-type 
0 0 w w c:a en a: ex: 
~ f1J 
~ i 
~ ~ -< 

eOUIUBRIUM CONCENTRATION ... 
t C-type + c 0 
w W 
al en 
r::c g g 
t! i 

i i 
eQUIUBRIUM CONCENTRATION ... 

Figure 2.8. Classification of adsorption isothenns (Evangelou, 1998). 

These isotherms are mathematically described by various equations, among them 

Freundlich, Langmuir and Brunauer, Emmet and Teller (BET) equations are the most used 

equations. 

Freundlich Equation: The Freundlich equation was empirically derived to allow for 

the logarithmic decrease in adsorption energy with increasing coverage of the adsorbing 

surface (Yaron et al., 1996). It represents the relation between the adsorption density of 

metal on a heterogeneous solid surface and aqueous concentration of metal: 

-K C lin qA - F e 

~ Boqazici Unlversites! Kutuphanesl ~ 

(2.1) 
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where CIA is the amount of solute adsorbed per unit weight of solid adsorbent, KF is the 

sorption capacity, n is the adsorption intensity and Ce is the equilibrium concentration of 

metal in solution. KF can be determined from the intercept and lin from the slope of its 

linear form which is obtained when Log qA is plotted against log Ce ; 

log qA = log KF + lin log Ce (2.2) 

The Freundlich equation is the most widely used non-linear equation, agreeing well 

with the Langmuir equation except for very low or very high solute concentrations. The 

main limitation of the Freundlich equation is the filct that it does not predict a maximum 

adsorption capacity. 

Langmuir Equation: The Langmuir equation was developed to describe adsorption 

on a homogeneous surface. Several assumptions are incorporated when it is employed to 

the adsorption of chemical species in soil solution suspensions. These are stated by 

Evangelou (1998) as follows; 

1. The number of surface adsorption sites are fixed 

2. Adsorption results in the formation of a monolayer. 

3. Adsorption behaviour is independent of surface coverage 

4. All adsorption sites are represented by similar types of functional groups 

5. The isotherm displays L-t-ype behaviour 

Another importa.nt assumption of Langmuir equation is that the heat of adsorption is 

constant over the entire monolayer. 

The most commonly used Langmuir equation may be generalized as; 

(2.3) 
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where qA is again the amount of solute adsorbed per unit weight of solid adsorbent, KL is a 

term related to the binding energy of sorption and M is the adsorption maximum. KL can 

be determined from the intercept and M from the slope of its traditiona1linear Langmuir 

form when CJqA is plotted against Ce; 

(2.4) 

BET Equation: The BET equation assumes that more than one layer is formed by 

the adsorption of solute molecule. It also assumes that a given layer does not need to 

completely formed prior to the initiation of subsequent layers. The BET equation includes 

the application of Langmuir equation to each layer. The BET equation can be generalized 

as: 

(2.5) 

where qA is again the amount of solute adsorbed per unit weight of solid adsorbent, Ce is 

the equilibrium concentration of solute molecule, Cs is the saturation concentration of 

solute molecule that can exist before precipitation can occur, QO is the monolayer capacity 

of solute molecule calculated as the amount of solute molecule adsorbed per unit weight of 

solid adsorbent, and B is related to the free energy of transfer of solute molecule from the 

bulk solution to the surface of adsorbent. Its linearized form is as follows: 

(2.6) 

All three adsorption isotherm equations have been used to evaluate the adsorption 

process. Among these, the Freundlich equation can be accepted as a rather general 
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expression with no particular molecular mechanistic interpretation. It is probably the most 

commonly used equation. The Langmuir equation, on the other hand, is mainly used to 

describe L-type adsorption isotherms. In addition to a surface adsorption affinity constant, 

it also yields the adsorption maximum. In comparison to the Freundlich and Langmuir 

equations, BET equation does not apply as well as the two equations. In general, all 

equations cannot be interpreted to indicate any particular adsorption mechanism. Thus, 

they should be regarded as curve-fitting models without particular molecular significance, 

but with predictive capability under limited conditions (Sposito, 1989). 

2.3. Sources of Heavy Metal Pollution and Remediation of Sites Contaminated by 

Heavy Metals 

2.3.1. Sources of Heavy Metal Pollution 

Contamination of soils by heavy metals has received increased attention with 

regard to increased accumulation in soils, uptake by plants and groundwater pollution. 

Mining and smelting operations (crushing, grinding, washing, etc.) have been accepted as 

main sources resulting in elevated heavy metal concentrations in both soils and plants. 

Almost ten to hundred times higher concentrations than the limit values of E.C. directive 

86/278IEEC have been determined especially in tailings (Garcia Sanchez et al., 1999; 

Papassiopi et al., 1999). The limit values for the concentration of heavy metals in soils 

were reported by the E. C. directive to be 3 mg/kg for cadmium, 200 mg/kg for copper, 

300 mg/kg for lead and zinc. Contamination of agricultural soils surrounding the mining 

areas has also been reported to occur due to atmospheric deposition of dust and aerosol 

particles from metal smelters (Kedziorek and Bourg, 2000; Zheljazkov and Nielsen, 1996) 

and from metal producing factories (Barona and Romero, 1997; Gommy et al., 1998). 

Higher levels of heavy metal concentrations were found in soils from sites used for 

deposition of industrial wastes, mine tailing wastes, etc. Sites used for automobile battery 

reclamation are also knO'WIl to be intensively contaminated by especially copper, lead and 

cadmium (Elliot and Brovvl1, 1989). The inventory about trace metal emissions from 
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different industrial/municipal sources into the soil by Nriagu and Pacyna (1988) mentioned 

the disposal of ash residues from coal combustion as another main source of trace metals in 

soils. The inventory also showed that on local scale, municipal sewage sludge represents 

one of the most important sources of metal contamination in soils. Sewage sludges 

(Ghestem and Bermond, 1998; Ramachandran and D'Souza, 1997) and sometimes dredged 

sediments (Singh et al., 1996) are applied to soils to improve fertility of soils that are 

marginally suitable for agricultural production. Heavy metal contents of sludges might be 

higher when industrial wastewater is treated together with municipal wastewater resulting 

in increased accumulation in soils. Soils located along motorways have been found to 

contain higher amounts of heavy metals like lead, zinc and cadmium in comparison of 

background values (Lee and Touray, 1998; Katahira et al., 2000). Lead, copper, cadmium, 

zinc contents of various soils contaminated by different sources are presented in Table 2.4. 

It should be mentioned that the given values are values of soils which are most 

contaminated \\ithin a group of soils examined. 

Table 2.4. Heavy metal contents (mglkg) of soils contaminated from different sources 

..... ==== '"'-= --Source Cadmium Lead Zinc Copper Reference 

Mining area 90 69300 66000 Garcia Sanchez et al., 1999 

Metal production 80 12500 10200 Papassiopi et al., 1999 

Dust from smelter 24.7 1063.7 1039.2 167.2 Zheljazkov and Nielsen, 1996 

Metal producing factory 17.4 1060 965 Gommy et al., 1998 

Battery reclamation 332 211 271 655 1383 Elliot and Brown, 1989 

Sewage sludge 94.9 44.8 151 45.3 Ghestem and Bermond, 1998 

Inedg.~entder.soil 17 274 1447 2lO Singh et al., 1996 

Motorway 2.8 1461.2 2830.4 Lee and Touray, 1998 
_ .. __ ._====--==- _='==='-==o.=--==~."~==""'---"-=~~--=== 

Recently, heavy metal loading of agricultural soils has also increased. Besides 

application of sewage sludges (Polo et ai., 1999), over usage of pesticides and commercial 

fertilizers (Graham-Bryce, 1973) are known to be the main sources. In Bavaria (Germany), 

for example, copper contents of agricultural soils reached a value as high as 421 mg/kg due 

to intensive application of copper containing fungicides (Scbramel et ai., 2000). In addition 

to inorganic fertilizers and pesticides, heavy metals are also released from organic 

pesticides through their chemical and biological decomposition. Other sources are waste 
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disposal sites (Kim and Kim, 1999) and atmospheric fallout from non-ferrous metallurgic 

activities (Charlatchka and Cambier, 2000). 

2.3.2. Remediation of Sites Contaminated by Heavy Metals 

Soils contaminated by heavy metals have been remedied either by landfilling after 

excavation or by treating with in-situ or ex-situ treatment methods. In in-situ treatment the 

contaminated soil is treated in place and is not moved from the ground as it is done in ex­

situ treatment. It consists of the injection of stabilizing or flushing (washing) solution into 

the soil. In ex-situ treatment the soil is generally passed through sieves in order to obtain 

the soil fraction containing the highest heavy metal concentration, which is actually the 

finer portion of soil, and thus to lower the cost of treatment in a prepared bed or in-tank 

system. Treatment in a prepared bed system can be carried out in a different area 

previously prepared or at the original site, which is prepared after the soil is excavated and 

kept on a storage site and finally is replaced. Preparation of the bed generally includes the 

construction of an impermeable liner (clay or plastic) to prevent transport of contaminant. 

Enhancement of the treatment, on the other hand, is mostly accomplished with 

physica1/chernical methods. While prepared bed systems are systems prepared and/or 

constructed on an area, the in-tank systems consist of a vessel or other system designed to 

optimise treatment efficiency. 

Both in-situ and ex-situ treatment methods are based on the following principles; 

I) physicochemical solidification/stabilization and 2) extraction. Solidification or 

stabilization are immobilization techniques that are applicable in in-situ or prepared bed 

systems. Solidification is achieved by injecting or mixing cement, lime, thermoplastic and 

soluble silicate reagents to fix the contamination in low penneable matrices (Cairney and 

Hobson, 1998). Similarly, stabilization aims the reduction of the hazardous potential of 

waste materials by converting contaminant into their least soluble, mobile, or toxic form. 

For both systems immobilization of contaminants is designed to be permanently. 

Temporary immobilization can also be achieved by increasing adsorption, ion exchange or 

precipitation of pollutants in in-situ and prepared bed treatments systems. The ion 
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exchange capacity of soil, for example, can be increased by addition of clays, synthetic 

resins and zeolites. These techniques reduce the rate of contaminant release from the soil 

environment for a desired time period, until total removal of contaminant can be 

accomplished. 

Techniques involving extraction or mobilisation of metals are soil flushing (in-situ) 

and soil washing (in-tank). Extracting solutions used for the remediation of polluted sites 

are generally water, acidic and basic solutions, surfactants and solvents. For the 

remediation of heavy metal polluted sites, acidic or chelating agent solutions are preferred. 

These are able to recover the metals bound to soil particles by either changing the pH or by 

forming stable complexes. The inconvenience of acid treatment is that it is not selective for 

heavy metals and destroys important soil components, especially in carbonate rich soils 

(Theodoratos et al., 2000). Soils high in humic matter, silt and clay contents may also face 

some problems. In the soil flushing system the leachate and partially polluted ground water 

requires to be contained to prevent further transport of contaminant and contamination of 

soil and groundwater offsite. The extracting solution also needs to be recovered in the soil 

washing system. Treatment of solution and/or recovery of both extractant and pollutant if 

possible is necessary. 

2.4. Alternative Removal of Heavy Metals by Cheiating Agents 

Chelating agents are used for many purposes for years. Phosphonates, for example, 

are used as scale and erosion inhibitors in cooling towers. Ethylenediaminetetraacetic acid 

solution, on the other hand, is used to inhibit fauling by hardness salts, such as calcium or 

magnesium carbonates, sulfates, etc. in boilers of chemical process industry (CPI) plants, 

nuclear power plants, breweries and dairies. The aim is always to keep the metal ion in 

solution by producing soluble metal chelates. The ability of chelating agents to form strong 

complexes with metals resulted in their involvement in many other applications and more 

importantly in new innovative technology developments. 
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Since the end of 1990's, chelating agents are examined for their use in remediation 

of contaminated soils. The efficiency of various chelating agents on the removal of heavy 

metals from contaminated soils has been investigated by various scientists. Generally, it 

was found out that the soil matrix, degree of contamination, dose of chelating agents, 

ambient conditions like pH of soil solution are the main parameters governing the 

efficiency of metal removal. Remediation techniques involving extraction with chelating 

agents are also under research. David and Singh (1995) tried to wash zinc (II) from a 

contaminated soil column with chelating agents like ethylenediaminetetraacetic acid and 

diethylenetriaminepentaacetic acid, and water with a pH of 2. For full-scale applications it 

was proposed that the treatment aggressiveness can be elevated until the desired balance of 

remediation and cost is achieved. 

Real field applications have not been reported yet; this may be due to the challenge 

for the recovery of both extracted metals and chelating agents for reuse. Especially the 

recovery of chelating agents enabling their reuse is very important. Reuse of the chelator at 

least three or four times is necessary for the process to be economical. Removal of metals 

from ethylenediaminetetraacetic acid and their possible reuse was investigated by 

photocatalytic decomposition of ethylenediaminetetraacetic acid and sub~equent separation 

of metal by acidification with RN03 and Hel by Borrell-Damian and Ollis (1999). 

However, this technique does not involve recovery and reuse of ethylenediaminetetraacetic 

acid. Lately, some innovative techniques involving precipitation and electrodeposition of 

metals have been proposed. Hong et al. (1999) studied recovery of 

ethylenediaminetetraacetic acid metal chelates with the use of cationic (calcium and 

sodium sulfide) and anionic precipitants. IT Corporation (2001), on the other hand, 

separated metals from chelating agent by using an e1ectromembrane reactor. 

For full-scale applications, other factors influencing the process efficiency and 

feasibility have to be considered. One factor considered was the biodegradation of organic 

chelate compound by the indigenous soil bacteria, which could make the process less 

feasible. It was found out that some chelating agents were more biodegradable than others 

(Hong et al., 1999). 
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Improved recovery techniques and reuse of chelating agents in alternative fields 

and applications however still need to be investigated. 

2.4.1. Chelating Agents and Possible Mechanisms Involved in l'"detal Removal 

2.4.1.1. Chelating Agents: Chelating agents are mostly organic molecules, which 

have the ability to bind to metal cations at several coordinating sites and form inner-phere 

complexes. Inorganic chelating agents also exist, but their number is relatively small in 

comparison to the organic ones. Examples are the polyphosphonates, such as 

pyrophosphate (P20 7)4-, trimetaphosphate (P30 9)3-, tripolyphosphate (P30 1O)4-, 

hekzametaphosphate (P03)6
3
-. Polyphosphates tend to be less expensive than organic 

chelating agents, but they are often hydrolytically unstable at high temperatures and pH 

levels. Three commonly used groups of organic chelating agents are phosphonic acids, 

polycarboxylic acids and aminopolycarboxylic acids. Phosphonic acids are organic acids 

modified with phosphate groups, examples are ethylenediaminetetramethylene phosphonic 

acid (EDTMP), diethylenetriaminepentamethylene phosphonic acid _ (DTPMP) and 

nitrilotrimethylene phosphonic acid (ATMP). These are generally more expensive, but 

have high stability constants. Polycarboxylic acids, which include gluconates, citrates, 

polycrylates and polyaspartates, are hydrolytically stable, but tend to be weak chelating 

agents and have low stability constants, In comparison to the other chelating agents 

aminopolycarboxylic acids are stable over broad pH and temperature ranges and possess 

strong affinity for metals. Their relatively high stability constants with most metal ions and 

their moderate cost make them more favourable. Examples of aminopolycarboxylic acids 

are nitrilotriacetic acid (NTA), ethylenediaminetetraacetic acid (EDTA), N­

hydroxyethylethylenediaminetriacetic acid (HEDT A) and diethylenetriaminepentaacetic 

acid (DTPA). 

Complexation with metals occurs through ionic, covalent and coordinate covalent 

bonds between the metal cation and the coordinating site in the chelating agent. The 

number of sites, which a molecule can provide, mainly depends on the number of multiple 

ligand atoms like 0, N, S or functional groups present in the che1ating agent. When a 
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chelating agent has only one site in each molecule capable of forming a bond with metal, 

this agent is a monodentate, when it has two sites it is a bidentate agent and when it has 

more than two sites it is a polydentate chelating agent. The more sites are involved in the 

complexation/chelation reactions the more stable are the formed complexes/chelates (when 

more than one site is involved the process is called chelation and the product is called 

chelate), thus the chelating agent is known to be a stronger compound. 

The affinity of a chelating agent towards a metal depends on the activity of sites 

during the interaction. For functional groups like carboxylic groups the degree of 

deprotonation is very important. The sites provided by functional groups of a chelating 

agent molecule are only totally available when they are completely dissociated. 

Deprotonation of functional groups and generation of ionic species are influenced by the 

pH of medium. The dissociation of hydrogen ions from a tetrabasic chelating agent like 

EDT A, notified as IL Y, takes place in following steps: 

(2.d) 

(2.e) 

(2.f) 

(2.g) 

Below, species of EDT A and DTP A resulting from the dissociation of functional 

groups can be seen in relation to medium pH. As can be seen from Figure 2.9, total 

dissociation occurs mostly at elevated pH, where competition with hydrogen ions is 

eliminated and so all sites are available to the metals. Under neutral conditions, however, 

partial deprotonation results in the formation ofprotonated species. 
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Figure 2.9. Fractionation of EDT A (!lld DTPA species in relation to medium pH. 

The affinity of all species of a chelating agent is not equal towards a metal, but the 

complexation of metal (M) and chelating agent (y4-) species goes to completion as 

represented below, 
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(2.h) 

(2.i) 

Depending on the conditions of medium, presence of different che1ating agents, etc. 

other fonns of complexes like protonated complexes (MHay4-n-a1, hydroxocomplexes 

(MY(OH)x(4+x-n)-), and mixed complexes (MYA(4-n)-) can also be formed. 

As can be seen from Figure 2.10, the presence of various organic and inorganic 

compounds in natural water systems makes the complexation process more complex and 

unpredictable. 
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Figure 2.10. The possible equilibria between a metal ion and chelating agent (Pataki and 

Zapp, 1980). 
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2.4.1.2. Possible Mechanisms Involved in Metal Removal: The interaction of metal 

with the surface of soil constituents occurs in many ways depending on the properties of 

both the metal and the surface of soil constituents. As explained before, various 

mechanisms are involved, but to simplifY the reactions the interaction of metal (M) with 

soil (S) can be presented as below; 

S + M +-+ S-M (2.j) 

A definite mechanism about the extraction of heavy metal from soil has not been 

reported, due to the difficulty in discrimination among various reactions involved in the 

soil medium. However, when the general reaction of chelating agent with metal, e.g. 

EDTA with metal (2.h), is considered together with the above reaction (2.j) a possible 

simplified reaction can be suggested for the removal of metal from soil surface: 

S-M + y4- +-+ MY2- + S (2.k) 

Considering only the possible reactions illustrated in Figure 2.10, it can be 

understood how different the number and type of reactions can be, resulting in variable 

mechanisms. 

2.4.2. Humic 2nd Fulvic Acids as Cbelating Agents and Their Relation with 

Dissolution of Heavy Metals from Soil Constituents 

Humic and fulvic acids are organic acids containing various coordinating atoms 

and functional groups, which enables the molecule to behave like a natural chelating agent. 

Senesi (1992) stated that carboxylic acids, alcohols, phenols, carbonyls, phosphates, 

sulfates, amides, and sulfides present in humic acid are able to interact with metal species 
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in solution. Prasad and Sinha (1980) similarly reported that the metal-binding capacity of 

natural occurring humic and fulvic polyelectrolytes emanates from the presence of a 

number of functional groups like -COOH, phenolic-OH, -NH2 and =C=O, which may 

impart several kinds of structural configuration. Generally, attention was paid more to the 

carboxylic and hydroxylic functional groups in humic and fulvic acids. Tipping (1993) 

concluded that these ionizable groups confer metal binding properties on to the humic and 

fulvic acids. Spark et al. (1997a) reported that the nature and relative solubility of humic 

acid components influence the interactions between the humic acid and heavy metals in 

soil. Like many other complexation reactions, it is obvious that differences in the number 

and type of components and/or functional groups of humic substances affect the 

complexation mechanism, but the interaction of humic substance with metal is definitely 

known. 

The ability of dissolved humic substances, like humic and fulvic acids, to chelate 

positively charged multivalent ions was especially taken into consideration in the 

mobilization of heavy metals in soil medium. It seems that soluble organics are able to 

raise the trace metal carrying capacity of soil solution (AI:mas et ai., 2000). Cesco et al. 

(2000) found that the presence of water extractable humic substances increased the 

solubility of iron from soil particles. In the study, iron was solubilized of about 2 to 25 % 

depending on the soil type. It was concluded, that low molecular weight humic substances 

(e.g. fulvic acids) can form soluble complexes with iron and move to the roots, whereas 

higher molecular weight humic substances can act as reservoir of easily accessible iron in 

the soil. Especially, when the soil organic matter, like humic acids, gets soluble at higher 

soil pH, dissolution of metals from adsorption sites on clay minerals is more promoted due 

to complexation with dissolved organic matter. Chairidchai and Ritchie (1990) found a 

49 % reduction in zinc adsorption in the presence of organic ligands. It was concluded that 

most of the zinc was in a form complexed with humate. 

The prevention of precipication of heavy metals and formation of soluble humic­

metal complexes, on one hand, facilitates the uptake of micro elements by plants, on the 

other hand, however increases the possibility of leaching into ground water. Contamination 

of ground water, especially happens for sites with higher ground water levels, otherwise, 

adsorption of metal-humic complexes under way is likely to occur. 
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3. MATERIALS AND METHODS 

3.1. Materials 

3.1.1. Soil Samples 

Several soils samples were taken of the upper 15 cm from different locations of the 

greenhouses and thoroughly mixed to observe a :final composite sample. Fethiye Soil, 

Sarnsun Soil and Izmir Soil are representing the properties of greenhouse soils of Fethiye, 

the Mediterranean region (Southwest Turkey); Sarnsun, the Black Sea Region (North 

Turkey); Izmir, the Aegean region (West Turkey); respectively. According to the grain size 

analyses, described in Section 4.1.1, the greenhouse soils were found to be sandy loarns; 

Fethiye and Sarnsun soils with higher clay content. All greenhouses were used for 

vegetable cultivation like tomatoes, cucumber, aubergine, green pepper, etc. 

3.1.2. Clay Samples 

Two different clays, kaolin and montmorillonite, were purchased from the Source 

Clay Repository established by the Clay Mineral Society of University of Missouri. The 

Kaolin KGa-lb is a well-crystallized kaolinite taken from Washington County, Georgia. 

The Ca-Montmorillonite SAz-I, on the other hand ~s a calcium rich montmorillonite taken 

from the Apache County, Arizona. Physical/chemical data of both clays are presented in 

Table 3.1. 
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Table 3.1. Physica1/chemical data of clays 

--Che~cai-Co~positio~-%---
-- ---- --.-~21!n_~q~:I_~ ___ ____ ~~·}~1:0P!.!!l~ti!!<?pi!~_?~:l _ 

Si02 44.2 60.4 
Ah0 3 39.7 17.6 
Ti02 1.39 0.24 
Fe203 0.13 1.42 
FeO 0.08 0.08 
MnO 0.002 0.099 
MgO 0.03 6.46 
CaO 2.82 
Na20 0.013 0.063 
K20 0.05 0.19 
F 0.013 0.287 
P20 5 0.034 0.02 

CEC, meq/100 g 2.0 120.0 
Surface Area, ~/g 10.5 +/- 0.02 97.42 +/- 0.58 
'" -= ~~""""~~---~-=~--~-~--~="". 

3.1.3. Zinc 

Zinc solutions were prepared daily from hydrous zinc nitrate (Zh(N03)2 x 6 H20), 

which was provided from Riedel-de Haen AG. For the adsorption experiments generally 

stock zinc solutions (200 and 500 mgIL) were prepared from which standard solutions 

were obtained by dilution. For the extraction experiments carried out with humic acid, 

fulvic acid, EDT A and DTP A, adsorption experiments were conducted with individually 

prepared zinc solutions. All solutions were only acidified when the samples were stored for 

atomic adsorption spectrometric analyses. 

3.1.4. Humic Acid 

The humic acid was purchased from Carl Roth GmbH & Co. KG and prepared 

according the procedure described by Urano et al. (1983). All other humic acid solutions 
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(10-300 mglL) were obtained by dilution of stock solution (1000 mgIL) with distilled and 

deionized water. 

3.1.5. FUMe Acid 

The soil fulvic acid standard (Code: 2S102F) was purchased from the International 

Humic Substances Society (IHSS). 100 mg/L and 200 mg/L fulvic acid solutions were 

obtained by dilution from 300 mg/L stock solution, which was simply prepared by 

dissolving appropriate amount in distilled and deionized water. 

3.1.6. EDTA 

EDT A solutions were prepared from ethylenediaminetetraacetic acid disodium salt 

(Titriplex III), which was provided from Merck KGa-A. Generally, EDTA solutions 

(0.0001-0.005 M) were obtained by dilution from a stock 0.01 M solll:tion; 0.015 M was 

prepared as a separate solution to avoid disposal of unused chemical. 

3.1.7. DTPA 

DTPA was provided from Sigma-Aldrich Chemie GmbH. Stock solution (0.01 M) 

was prepared by dissolving appropriate amount in distilled deionized water; 0.0001-

0.005 M were obtained by dilution. 0.015 M was prepared as a separate solution to avoid 

disposal of unused chemical. 
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3.1.8. Magnesium Chloride 

Magnesium chloride solutions (1 M), which were used in the sequential extraction 

experiments, were carefully prepared from anhydrous magnesium chloride purchased from 

Fluka Chemie AG. For the extraction of zinc bound to the exchangeable surface sites the 

pH of solution was adjusted to - 7 with dilute nitric acid solution. 

3.1.9. Sodium Acetate 

Sodium acetate, which was obtained from Merck KGa-A, was used in the 

sequential extraction experiments to determine the amount of zinc present as carbonate 

complex. Solution pH was adjusted to - 5 with acetic acid. 

3.1.10. Hyrdoxylammonium Chloride 

Hyrdoxylammonium chloride solution (0.04 M) was used in the sequential. 

extraction experiments in order to determine the amount of zinc bound to iron and 

manganese oxides. Hyrdoxylammonium chloride, which was provided from Merck KGa­

A, was prepared in 25 % acetic acid. 

3.1.11. Ammonium Acetate 

Ammonium acetate was used in the sequential extraction experiments in order to 

prevent adsorption of zinc extracted from the organic fraction of soil. Ammonium acetate 

solution (3.2 M) was prepared in 25 % nitric acid solution. 
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3.1.12. Potassium Dichromate 

Potassium dichromate was used both in the detennination of organic matter content 

of soil and in the detennination of the amount ofhurnic acid adsorbed on soils. Potassium 

dichromate was purchased from Merck KGa-A. 

3.1.13. Ammonium Iron (ll) Sulfate (FAS) 

Ammonium iron (II) sulfate was used in the determination of cation exchange 

capacity of soil, organic matter content of soils and in the determination of the amount of 

humic acid adsorbed on soils. Ammonium iron (II) sulfate was prepared from ammonium 

iron (II) sulfate hexahydrate, which was obtained from Merck KGa-A. 

3.1.14. Other Reagents 

Other reagents like sulphuric acid, hydrochloric acid, nitric acid, boric acid, etc. 

were of analytical grade. All reagents were prepared with distilled and deionized water, 

which was produced by Labcomco Waterpro PS. 

3.1.15. Laoornt([Dry Equipment 

Nuve Temperature Controlled Water Bath Shaker Model ST400: Adsorption experiments 

on greenhouse soils and source clays were performed overnight at room temperature with 

this Nuve Shaker. 
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Memmert Temperature Controlled Shaking Water Bath WB14: This shaker was used for 

all extraction experiments conducted at room temperature with humic acid, fulvic acid, 

EDT A and DTP A and humic acid adsorption experiments. 

Julabo ShakeTemp SW22: This special temperature controlled shaking water bath was 

used during the sequential extraction experiments. Extraction experiments were performed 

at elevated temperatures of 96 ± 3 °C and 85 ± 2°C. 

Bibby SB 1 Rotator: The rotator was mainly used in the first two steps of sequential 

extraction experiments and for the adsorption of 10 mgIL carried out as the preliminary 

step of sequential extraction experiment. 

Sartorious Balance: Balance was used for weighing certain amounts of soils, clays and all 

other chemicals. 

Hettich EBA 8S Centrifuge: Centrifuging was carried out in all experiments in order to 

separate soil from soil suspensions. 

WTW 526 pH meter. pH of solutions and soil suspensions were measured during the 

adsorption and extraction experiments. pH adjustments were also performed with the help 

of this pH meter. 

Perkin Elmer AAnalyst 300: Atomic absorption spectrophotometer was mainly used to 

determine the concentration of zinc in solutions. 

Nuve Vortex: The vortex was used during all extraction experiments to suspend adsorbed 

soils in centrifuge tubes. 

Ultrasonic LC 30: This equipment was used for the homogenisation of reagents by 

sonication. 
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Framo-Geraetetechnik: M 2111 Magnetic Stirrer: Stirrer was used during the adjustment of 

pH and back titrations of excess dichromate in humic acid adsorption experiments and 

determination of soil organic matter. 

HACH COD Reactor: The reactor was used in humic acid adsorption experiments and 

detennination of soil organic matter. 

Gerhardt Vapodest 12: In the cation exchange capacity analysis, excess ammonium was 

measured with the help of this equipment. 

Memmert Oven: It was used for drying glassware. 

Hot plates: Digestion of soil samples was accomplished with hotplates. 

3.1.16. Glassware 

Many types and sizes of glassware, e.g. erlenmeyer flasks, volumetric flasks, 

beakers, pipettes, etc., were utilized during the experiments. These were cleaned each time 

with 1: 1 laboratory grade nitric acid, rinsed several times with tab water and three times 

with distilled and deionized water. Before being used they were dried in the oven at 

103°C. 
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3.2. Experimental Procedures 

3.2.1. Characterization of Soil Samples 

Characterization of soil samples was both conducted at the Soil Department of 

Faculty of Agriculture of Ege University and at the Institute of Environmental Sciences of 

Bogazic;i University. Soil properties determined at Bogazic;i University were grain size 

distribution, soil pH, soil organic matter content and cation exchange capacity (CEC). 

Exchangeable bases, carbonate content, salt content and some important micro elements, on 

the other hand, were determined at Ege University according to the soil laboratory 

handbook by Saatc;i et al. (1983). The mineralogical composition of soils was determined 

with a PIDLIPS PWIl040 X-ray diffractometer and the geochemical composition of soils 

with a RIGAKU X-ray fluorescence analyzer at Istanbul Technical University, Faculty of 

Mines, Department of Geological Engineering. All analyses were performed on air-dried 

samples « 2 mm), which were prepared according to a standard practice outlined in 

ASTM-D 421 (1993). 

Grain size analysis: Particle size analysis was conducted to determine the relative 

proportions of the different grain sizes that make up soil. Therefore, two analyses, 

mechanical and hydrometer analysis, were carried out as outlined in ASTM D 422-63 

(1990). The mechanical method simple consists of a sieve analysis which measures the 

mass of soil retained on any sieve each having different mesh sizes. The hydrometer 

analysis, on the other hand, determines the distribution of particle sizes smaller than 75 J.llll 

by a sedimentation process, using a hydrometer. 

Soil pH: The pH of greenhouse soils was measured in soil solution suspensions obtained 

with distilled and deionised water and 0.01 M CaCh solution at a ratio of 1 :2. 

Soil Organic Matter Content: The organic matter content of soil was determined by 

oxidation with dichromate in H2S04 as described in the standard method of Turkish 

Standards Institute (TSE) TS 8336 (1990) which is actually based on the Walkley-Black 
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Method. Some modifications were made in order to eliminate variable results arising due 

to temperature variations and reaction periods. Therefore, the experiments were performed 

in closed flasks with increased reaction time resembling the closed reflux COD method in 

the APHA-AWWA-WPCF (1989). The procedure includes the reaction of approximately 

0.3 g soil with 3 mL IN dichromate solution and 3 mL concentrated H2S04 in COD tubes 

for 2 h. Excess dichromate was back titrated with standard Fe2
+ solution to determine the 

amount that has reacted. Standardization of 0.5 N (N&)2S0~eS04X6H20 (F AS) was 

previously performed by using ferroin solution as indicator. Assuming that 77 % of organic 

matter was easily oxidisable, the carbon content was calculated as follows; 

% Organic Carbon = [(B-S) x Nk x 0.389] IT 

B = mL ofF AS used for blank 

S = mL ofFAS used for sample 

Nk = normality of standard FAS 

T = weight of sample, g 

(3.1) 

Assuming that 58 % of soil organic matter consists of carbon, the organic matter 

content can be calculated as follows; 

% Organic Matter = % Organic Carbon x 1.724 

Cation Exchange Capacity (CEC) of Soil: The CEC analysis was carried out as described 

by Rump and Krist (1992). For the analysis, 10 g of air dried soil was mixed with 2.4 g 

charcoal and 0.25 g CaC03 and 125 mL ammonium acetate solution in an Erlenmyer flask. 

The mixture was shaken for 2 h. After centrifuging, the ammonium in aliquot was 

determined as described in APHA-AWWA-WPCF (1989). To see the effect of charcoal 

and CaC03, samples consisting only of charcoal and CaC03 were treated in the same way. 

The ammonium present in this aliquot was accepted as the ammonium available to the soil 

constituents. 
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Exchangeable Bases: Exchangeable bases like free iron and aluminium, carbonates and 

heavy metals are held in the ion exchange complex of soil and are usually extracted using 

ammonium acetate, which is later analysed by flame emission or atomic adsorption 

spectrometric methods (Ellis and Mellar, 1995). 

For the detennination of exchangeable bases 10 g of air-dried soil was washed with 

45 % ethyl alcohol to remove all chloride from soil. The soil was then mixed with 

ammonium acetate and shaken for 1 h. Sodium and potassium ions were then measured in 

ammonium acetate solution Eppendorfflame photometer. 

Carbonate Content of Soil: The carbonate content of greenhouse soils was determined 

volumetrically by using Scheibler Calsimeter. This calsimeter measures volumetrically the 

carbon dioxide produced during the reaction of soil with hydrochloric acid. 

MC03 + 2 HCl ~ MCh + H20 + CO2 

For the generation of carbon dioxide Ig of soil was mixed with 10 mL of 1:3 

hydrochloric acid and shaken until evolution of carbon dioxide was not volumetrically 

monitored. The carbonate content was calculated with the below given formula. 

% Carbonate = {[Vt' (b-e)' 273]/[760 (273 + T)])' 0.4463 / w 

Vt: volume of carbon dioxide recorded from the calsimeter, cm3 

b: atmospheric pressure at that moment, (taken as 759 mm Hg) 

(3.2) 

e: maximum pressure of water vapour; temperature dependent. (taken as 16.32 mm for 

19°C) 

T: temperature at the moment of measurement, (taken as 19°C) 

w: weight of sample, g 

0.4463: g of calcium carbonate corresponding to 1 cm
3 

carbon dioxide at 0 °C and 759 mm 

Hg 
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Salt Content of Soil: In order to determine the salt content of soil, a paste-like mixture was 

prepared by saturating the soil with distilled water. The electrical resistance of this paste 

was measured as ohm (n). The total salt content was derived from the relationship between 

the resistance and salt content from a simple diagram in Toprak ve Su Analiz Y5ntemleri 

(Saat9i et at., 1983). 

Available Microelements: Microelements like copper, iron, zmc, manganese and 

magnesium, which are available to plants, were determined by adding 40 mL DTP A (PH 

~ 7.3) to 20 g soil and shaking for 2 h. After filtration the micro elements were detected by 

Perkin Elmer 2380 atomic absorption spectrometer. 

3.2.2. Adsorption Experiments 

In order to determine the interaction of zinc with greenhouse soils « 2 mm) and 

clays, batch adsorption experiments were conducted at soil buffered pH (no pH 

adjustment) with various zinc concentrations (10-500 mg/L). The solutions were prepared 

from 500 mgIL Zn(N03)2·6H20 stock solutions and were added to 2 g air dried soil 

« 2 mm) in screwed Erlenmeyer flasks at a soil:solution ratio of 1 :25 (Hanafi and Sjiaola, 

1998). pH values of the suspensions were recorded immediately after the solutions were 

added to soil (before shaking started), carefully avoiding any loss from soil mass. Shaking 

of suspensions at room temperature started right after pH measurement and continued for 

24 h (Barrow, 1986; Taylor et ai., 1995; Wilkins et ai., 1998; Polo et al., 1999). To see the 

effect of soil buffering on medium pH, the pH of suspensions were again recorded and 

finally centrifuged for 30 min at 10000 cycles/min. The supernatants were only acidified 

with HN03 (pH<2) when the samples were stored for further metal analysis by Perkin 

Elmer AAnalyst 300 atomic absorption spectrometer (AAS). Results of duplicate analyses 

were reported as average values. 
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3.2.3. Preparation of SoH Samples for Extraction Experiments 

To assemble polluted agricultural soils, greenhouse soils were treated with zinc 

solutions revealing zinc loads ranging between 250 mg/kg and approximately 7000 mg/kg. 

For this purpose, preliminary adsorption experiments were conducted with 10 and 500 

mg/L zinc solutions as described above. After centrifuging, the supernatants were analysed 

by AAS and the soil in Erlenmeyer flasks and centrifuge tubes were kept for one day at 

room temperature and further used in the extraction experiments. 

3.2.4. Batch Extraction Experiments Conducted with Chelating Agents 

The extractability of zinc from previously treated greenhouse soils was examined 

with natural, humic and fulvic acid, and synthetic, EDT A and DTP A, chelating agents. The 

extractions were carried out in duplicate by carefully washing the soil constituents in 

centrifuge tubes back into the Erlenmeyer flask with a total volume of 50 mL chelating 

agent. Adjustment of pH was neither performed for the solutions nor for the soil 

suspensions and the experiments were conducted at soil buffered pH. pH of soil 

suspensions were recorded immediately after the solution was added and after stopping of 

shaking. After shaking for an appropriate time period (24 h for humic and fulvic acid and 

60 min for EDT A and DTP A) when the pH was measured, the suspensions were 

centrifuged for 30 min at 10000 cycles/min. The supernatants were analysed for zinc 

content on the same day by MS. 

The concentrations of humic acid used in the extraction experiments were ranging 

between 20-1000 mg/L, and that offulvic acid between 100-300 mg/L. EDTA and DTPA 

concentrations were varying between 0.0001 and 0.015 M. 
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3.2.5. Equilibration of Humic Acid Solution with Zinc 

In order to see if any precipitation of humic acid-zinc complexes occurs, 50 mL of 

humic acid-zinc solutions, with varying humic acid concentration (20-500 mg/L) and a 

constant zinc concentration, were equilibrated for 24 h. Since extraction experiments were 

carried out for 24 h, a time period of 24 h was also chosen for these experiments. Humic 

acid-zinc solutions were simply obtained by first mixing 50 mL of 20 mg/L zinc solution 

with appropriate volume of stock humic acid solution (2-50 mL) and finally diluting with 

distilled deionised water to obtain a final volume of 100 mL. pH adjustment of solutions 

was not performed. Shaking of humic acid-zinc solutions at room temperature started right 

after pH measurement. pH of equilibrated solutions were again measured right before the 

mixtures were centrifuged for 30 min. at 10000 cycles/min. The concentration of zinc in 

initial and equilibrated solutions was determined on day by AAS. 

3.2.6. Humic Acid Adsorption Experiments 

The interaction of humic acid with greenhouse soils was evaluated by performing 

batch adsorption experiments at soil buffered pH with exactly the same time of batch 

extraction experiments conducted with humic acid. The humic acid solutions (10-200 

mg/L) were prepared by diluting appropriate amounts of 200 mg/L humic acid solution in 

100 mL volumetric flasks. 50 mL of each humic acid solution was added to 2 g air dried 

soil «2 mm) in screwed Erlenmeyer flasks maintaining the soil:solution ratio of 1:25. The 

remaining solutions were kept for the determination initial organic matter concentration. 

Immediately after solution addition, the pH of suspensions was carefully recorded. The 

suspensions were shaken at room temperature for 24 h. As the aim of conducting 

adsorption experiment is to evaluate the probable interact;ion of humic acid with soil during 

extraction experiments the same equilibration time of 24 h was selected. An equilibration 

time of24 h was also found sufficient by Moore et al. (1992) who reported that> 90 % of 

sorption occurred in 24 h. To see the effect of soil buffering on medium pH, the pH of 

suspensions were again recorded and finally centrifuged for 30 min at 10000 cycles/min. 
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The organic matter content of humic acid solutions and supernatants were determined by 

first digesting the solutions according to the closed reflux COD method and then titrating 

the excess dichromate with standard ferrous ammonium sulfate solution as described in the 

APHA-AWWA-WPCF (1989). To be able to record even slight changes in the samples, 

humic acid solutions with concentrations below 40 mgJL were digested with 1110 diluted 

digestion solution. Additionally, the back-titration of excess dichromate was done with 

diluted ferrous ammonium sulfate solutions, which were each time standardized as outlined 

in the APHA-AWWA-WPCF (1989). Results of duplicate samples were reported as 

average values. 

In order to find out the amount of humic matter released from greenhouse soils 

within 24 h of shaking, additional experiments were performed. For this purpose, 50 mL of 

distilledldeionised water were added to 2 g of greenhouse soils and were shaken for 24 h. 

After centrifuging for 30 min at 10000 cycles/min, the supernatants were analysed for their 

dissolved organic matter content as explained above. Since the released organic matter was 

supposed to be low, digestion of supernatants were preformed with 1110 diluted digestion 

solutions. 

3.2.7. Sequential Extraction of Greenhouse Soils 

A sequential extraction procedure, which was developed by Tessier et al. (1979), 

was carried out for the speciation of zinc in greenhouse soils. This procedure separates 

heavy metals fiom soil samples into five groups: exchangeable, carbonate bound, Fe-Mn 

oxide bound, organic bound and residual fractions. The procedure was slightly modified in 

relation to the laboratory conditions. Accordingly, the extractions in i) and ii) were 

performed in centrifuge tubes placed into Bibby SBI Rotator (30 ± 5 cycles/min), and in 

iii) and iv) in Erlenmeyer flasks placed into a lulabo ShakeTemp SW 22 shaking water 

bath. Additionally, the determination of residual fraction was not performed by digestion 

with a mixture of hydrofluoric acid and perchloric acid as described by Tessier et al. 

(1979). Since most heavy metals are not silicate-bound, a 'pseudototal' analysis of strong 

acid digests was found to be sufficient. As was done by Ure (1996), Schramel et al. (2000), 
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and Theodoratos et al. (2000) aqua regia digestion procedure was carried out instead as 

described below. Sequential extractions were performed on duplicate samples; experiments 

with variable results (> ± 5 %) were repeated. The extraction steps are as follows: 

i) Exchangeable: 8 mL of 1 M MgCh, pH previously adjusted to 7, was added to 

0.4 g soil which was then rotated for 1 h at room temperature 

ii) Carbonate bound: 8 mL of 1 M NaOAc, pH previously adjusted to 5 with 

acetic acid, was added to the residues of i) which was then rotated for 5 h at 

room temperature 

iii) FelMn Oxide bound: the residue of ii) was washed with 20 mL 0.04 M 

NH20H'HCl in 25 % (v/v) HOAc into an Erlenmeyer flask and was 

occasionally agitated for 6 h at 96 ± 3 °C 

iv) Organic bound: the residue of iii) was occasionally agitated with 3 mL 0.02 M 

RN03 and 5 mL of 30 % H20 2, pH previously adjusted to 2, at 85 ± 2 °C for 

2 h. After a second addition of 3 mL of 30 % H20 2 agitation continued 

intermittently for 3 h. When the samples were cooled 5 mL of 3.2 M NH40Ac 

in 20 % HN03 (v/v) was added and the sample was diluted to 20 mL and 

agitated continuously for 30 min. 

v) Residual: aqua regia digestion (with a HN03 and HCI mixture of 1:3 (v/v) and a 

soil to solution ratio of 1110) was applied to the residue of iv). 

To maintain the suspension pH at especially 7 and 5, pH control was provided at 

specific time periods by pH adjustment with dilute HN03 and HOAc solutions. 

Betweell each extraction, suspensions were centrifuged in their tubes at 10000 rpm 

for 30 min. Supernatants, which were removed by pasteur pipettes, were analysed by AAS 

for zinc right after the extraction. The residues were washed after each step with 8 mL of 

distilledldeionised water; after centrifuging for 30 min., this second supernatant was 

discarded. 

In order to understand on which soil fraction zinc is adsorbed in the adsorption 

experiments, the sequential extraction procedure was performed on 10 mg/L and 500 mglL 

zinc treated soil samples, The treatment was carried out by addition of 10 mL of zinc 
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solution into tubes containing 0.4 g soil, maintaining the soil solution ratio of 1 :25. The 

tubes were rotated for 24 h at room temperature and were then centrifuged for 30 min at 

10000 cycles/min. Supernatants removed with pasteur pipettes, were analysed by AAS for 

zinc. The residues were washed as described above and further used in the sequential 

extraction experiments. 

To evaluate if humic acid, EDTA and DTPA extractions take the zinc from a 

specific fraction of soil, sequential extractions were accomplished on humic acid, EDT A 

and DTPA extracted soil samples. For this purpose, 0.4 g of soil samples were initially 

treated with 10 mg/L zinc solutions as described above. The next day 10 m1 of either 300 

mg/L humic acid, 0.0001 M EDTA or 0.0001 M DTPA solutions were added to the 

samples in tubes, which were then finally rotated for the same time period, which was 

performed in the actual extraction experiments (24 h for humic acid extractions and 1 h for 

EDTA and DTPA extractions) at room temperature. After centrifuging for 30 min at 10000 

cycles/min the residues in tubes were washed as described above and further used in the 

sequential extraction experiments. The supernatants were analysed by AAS for zinc. 
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4. RESULTS AND DISCUSSION 

In the following section the properties of three different greenhouse soils, which 

were determined as outlined in Section 3.2.1, have been presented. The adsorption of zinc 

to greenhouse soils, on the other hand, was evaluated with isothenns and described by 

Freundlich and Langmuir adsorption models. The influence of soil properties and soil 

suspension pH on the adsorption behaviour was examined. Removal of zinc was 

accomplished with naturally occurring (humic and fulvic acids) and synthetic (EDT A and 

DTPA) chelating agents. Efficiencies obtained by humic and fulvic acids were interpreted 

in sense of soil suspension pH and humic/fulvic acid adsorption. Removal of zinc by 

EDT A and DTP A, on the other site, was evaluated with stoichiometric molar ratios and the 

effect of suspension pH. Sequential extraction experiments were carried out to determine 

the distribution of zinc in natural and pretreated greenhouse soils. In order to see from 

which soil fraction zinc was removed by chelating agents, additional sequential extraction 

experiments were also performed. 

4.1. Soil Properties 

The properties of greenhouse soils « 2 mm), which were determined according to 

the methods outlined in Section 3.2, are presented in Table 4.1. 

4.1.1. Grain Si7re Distribution of Soils 

In order to determine the grain size distribution of greenhouse soils two analysis, 

mechanical and hydrometer analysis, were carried out. The results of sieve analysis can be 

seen in Table 4.2. 



Table 4.1. Characterization of greenhouse soils 

~~~~;~=--~--~F~thiye S;n-~~ Soil ~il ~<,~, 

Sand (2-0.02 rum) 

Silt (0.02-0.002 rum) 

Clay « 0.002 rum) 

CaC03 

Organic Carbon 

Organic Matter 

Salt 

pH, soilldeionised water 

soillCaCh 

CEC, meq NH,//I00 g soil 

Exchangeable bases, Na + 

meq/1 00 g soil K+ 

Available microelements, mg/kg 

Copper 

Iron 

Zinc 

Manganese 

Magnesium 

* not measured 

69.45 

14.87 

15.68 

1.28 

1.64 

2.83 

0.26 

7.03 

6.96 

16.95 

0.30 

0.40 

16.73 

4.89 

1.42 

4.64 

540 

72.24 

9.10 

18.66 

6.83 

3.07 

5.29 

0.23 

7.85 

7.65 

22.57 

14.25 

1.66 

2.07 

26.48 

3 

2.46 

* 

75.88 

15.02 

9.10 

0.83 

3.15 

5.43 

0.09 

7.28 

7.09 

18.64 

11.48 

0.71 

2.12 

11.93 

10.2 

4.61 

* 
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The results of hydrometer analysis were calculated as described in ASTM D 422-63 

(1990). The grain size distnbution of greenhouse soils, which can be seen in Figure 4.1, 

were obtained by combining the results of both analysis as explained by Bowles (1992). 

Fethiye and Izmir soil are well distributed soils, however the particle size distribution of 

Samsun soil is dominated in the finer fractions. Especially, the sand fraction is mostly 

made up of fine sand particles. 

Sand, silt, and clay fractions of soils « 2 rum) represented in Table 4.1, were 

calculated from the grain size analysis by taking into account the ISSS standards. 

According to the textural triangle all greenhouse soils can be classified as sandy loarns. 



57 

Table 4.2. Sieve analysis of greenhouse soils 

~~~o~g:~7~s~~~scil~ Izmir Soil 

rom % Retained % Passing % Retained % Passing % Retained % Passing 

1 Yz 

1 

3/8 

4 

10 

16 

30 

40 

50 

70 

100 

230 

pan 

38.10 

25.40 

19.05 

100 

80 

60 

40 

9.50 

4.75 

2.00 

1.18 

0.60 

0.43 

0.30 

0.21 

0.15 

0.06 

o 

7.82 

10.04 

7.27 

5.81 

6.27 

8.12 

4.17 

6.17 

3.39 

3.41 

4.75 

4.42 

3.08 

25.01 

20 

o L"" , 
100 10 

92.18 

82.14 

74.87 

69.06 

62.79 

54.67 

50.50 

44.33 

40.94 

37.53 

32.78 

28.37 

25.29 

o 
o 0 

o 

1 

0.16 

0.34 

0.97 

1.73 

11.43 

26.29 

12.78 

5.25 

40.65 

/1. 

0.1 

100.00 

100.00 

100.00 

100.00 

100.00 

99.84 

99.50 

98.53 

96.80 

85.37 

59.09 

46.30 

41.05 

(;rain diaEneter, En En 

Figure 4.1. Grain size distnbution of greenhouse soils. 

15.19 

10.27 

7.61 

7.01 

5.10 

7.11 

2.98 

3.62 

2.39 

1.86 

2.05 

34.45 

100.00 

100.00 

84.81 

74.54 

66.93 

59.92 

54.82 

47.71 

44.73 

41.11 

38.72 

36.86 

34.81 

o Fethiye Soil 

/1 Samsun Soil 

o Izmir Soil 

0.01 0.001 
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4.1.2. Soil pH 

Soil pH is nonnally measured in soil-water slurry. However sometimes the soluble 

salts of soils may affect pH. In order to mask the effect of differential soluble salt 

concentrations in individual samples excess salt is provided in the slurry by using 0.01 M 

CaCh solution instead of water. The effect of differential soluble salt concentrations can be 

recogrrized from Table 4.1. For all soils the pH was higher for soil-water slurries than for 

soil-CaCh slurries. The Fethiye and Izmir soils can be regarded as a neutral soils, whereas 

as Sarnsun Soil as a slightly alkaline soil. The higher pH of Sarnsun Soil is mainly due to 

its high carbonate content. 

4.1.3. Soil Organic Matter Content 

The organic matter content of greenhouse soils was determined in four samples 

according to procedure outlined in Section 3.2.1. The variations between results were 

calculated to be below 5 %; average values of results can be seen in Table 4.1. Considering 

that the organic matter content of a representative mineral topsoil ranges between 3 % and 

5 %, Fethiye Soil can be accepted as a soil with moderate organic matter content and 

Sarnsun and Izmir soils as soils with relatively high organic matter. Generally, organic 

matter is present in higher amounts in fine-textured soils (clays, clay loarns, and so forth) 

and in lower amounts (~1 %) in coarse textured soils (sands and sandy loarns), since these 

do not support a dense vegetative growth. The organic matter contents could not be related 

to their textural properties, since all are sandy loarns. Thus, the variation in organic matter 

contents might be related to the origin of greenhouse soils (regional changes) and to the 

agricultural practices, e.g. support with organic amendments. 
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4.1.4. Cation Exchange Capacity (CEC) of Soils 

Triplicate analyses were performed and the results were found to be slightly above 

the experimental error. Average values of Fethiye, Samsun and Izmir soils were presented 

as 16.95, 25.78 and 18.64 meq NH/1l00 g soil, respectively. CEC of soil can be well 

related to its texture; heavier soils with higher clay and organic matter contents have higher 

CEC. This relation can also be recognized for the greenhouse soils. The low CEC of 

Fethiye Soil can be mainly attributed to its relatively low organic matter content and its 

clay content, which is mainly composed of kaolinite (Section 4.1.9). The contribution of 

organic matter can be better recognized from the CEC of Samsun Soil, having almost the 

same clay content but an organic matter content almost twice as high than that of Fethiye 

Soil. The role of clay in the CEC, on the other hand, can be seen from the CEC of Izmir 

Soil. Its lower CEC in comparison to that of Samsun Soil, is due to its lower clay content. 

The CEC of greenhouse soils with respect to the type of clay present in eacl: soil is 

discussed in more detail in Section 4.1.9. 

4.1.5. Exchangeable Bases of Soils 

Exchangeable bases were extracted with ammonium acetate as outlined in the soil 

laboratory handbook by Saatyi et al. (1983). As can be seen from Table 4.1, the 

predominantly measured ions were sodium and potassium Samsun Soil represented higher 

amounts of sodium than potassium, as was also observed for Fethiye and Izmir soils. Both 

ions were highest in Samsun Soil and lowest in Fethiye Soil. 

4.1.6. Total Carbonate Content of Soils 

The carbonate content of greenhouse soils was determined in duplicate by 

measuring the generated carbon dioxide volumetrically with the Scheibler Calsimeter. 
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Average values of carbonate contents of Fethiye, Samsun and Izmir soils were found to be 

1.28 %, 6.83 % and 0.83 %, respectively. The high carbonate content of Samsun Soil is 

due to the presence of calcareous minerals in soil at relatively higher amounts. The low 

carbonate of Izmir Soil, on the other hand, indicates that calcareous minerals are present in 

trace amounts. Carbonates in soil mainly affect the soil pH and the buffering capacity of 

soils as is reflected by the high soil pH ofSamsun Soil. 

4.1.7. Total Salt Content of Soils 

The total salt content of Fethiye, Samsun and Izmir soils were found to be quite 

low, determined as 0.26 %, 0.23 % and 0.09 %, respectively. Since these soils were taken 

from greenhouses, the low salt contents are reasonable. Generally, the presence of water­

soluble salts like sulfates chlorides, bicarbonates of sodium, calcium, magnesium ~tc. in 

soil from cultivated lands in elevated degrees is not preferred since this restricts the uptake 

of water and thus the plant growth. 

4.1.8. Available Microelements 

Microelements like copper, iron, zinc, manganese and magneSIum available to 

plants were determined by extraction with DTPA (PH ~ 7.3). As can be seen from Table 

4.1, copper is present in Fethiye Soil almost eight times higher than in Samsun and Izmir 

soils. Iron, on the other hand, is more available to plants in Samsun Soil and less available 

in Izmir and especially Fethiye soils. Zinc is more present in Izmir Soil than in Samsun and 

Fethiye soils. In Fethlye and Izmir soils manganese is available to the plants at the same 

degree, but much lesser in the SamsUll Soil. 

Since the micro elements are mainly introduced to the soils by fertilizers and to 

some extent by pesticides, differentiation by considering the origin of soil does not seem 

meaningful. 
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4.1.9. The Mineralogical Composition of Soils 

The mineralogical composition of soils was determined with a PHILIPS PW/I040 

X-ray diffractometer at Istanbul Technical University, Faculty of Mines, Department of 

Geological Engineering. The mineralogical composition of the soils can be seen in 

Table 4.3. 

Table 4.3. Mineralogical composition of greenhouse soils 

0 ..... r~r 

Kaolinite Illite Smectite Dolomite Calcite Quartz Feldspar 
--

Fethiye Soil xxx x xx (x) xxx x 

Samsun Soil x x xx xxxx xx 

Izmir Soil x xx xxxxx x 
-----~"'-'-~-"'>"----'~-----~-~-- -~~-

(x) = trace; x = rare; xx = present; xxx = rather abundant; ~ = ab~da~t~~~~~;~t-"' 

Considering the type of clay minerals present in soils, it can be concluded that the 

clay fraction of Fethiye Soil is mainly consisting of kaolinite and rarely smectite group 

clays like bentonite and montmorillonite. Kaolinite may be present at higher amounts 

however its contribution to the cation exchange capacity of soil will not be high since it is 

a 1:1 type clay possessing very low CEC (Section 2.1.3.2.). The XRD analyses reveal that 

Samsun Soil contains only smectite type clays at a similar amount to Fethiye Soil. Thus, 

the clay fraction of Samsun Soil will only contribute to a relatively reduced degree to the 

CEC of soil. The clay minerals present in Izmir Soil are mainly illite and rarely kaolinite. 

Since the CEC of illite is even less than that of smectite group clays its contribution to the 

CEC of soil will be again at a reduced degree. 

Considering the calcareous minerals present in soil, it can be recognized that 

Samsun Soil contains the highest amount, mainly consisting of calcite and rarely of 

dolomite. This is also reflected by its soil pH, which was also the highest among soils. For 

Fethiye Soil the reverse situation was observed meaning that dolomite was dominating 

instead of calcite, which is only present at trace amounts. Izmir Soil contains non of the 
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calcareous minerals, calcite and dolomite, however others might be possibly present in 

trace amounts, since the carbonate content of soil was still at a measurable degree. 

Primary minerals determined were quartz and feldspar; among these, quartz is 

dominating in all soils. The quartz content of soils is highest for the Izmir Soil and lowest 

in the Fethiye Soil. Feldspar, on.the other hand, is more present in Samsun Soil than in 

Fethiye and Izmir soils. 

4.1.10. The Geochemical Composition of Soils 

The geochemical composition of soils was determined with a RI GAKU X -ray 

fluoresence analyzer at Istanbul Technical University, Faculty of Mines, Department of 

Geological Engineering. can be seen in Tab!e 4.4. 

Table 4.4. Geochemical composition of greenhouse soils 

= 
Soil components, % Fethiye Soil Samsun Soil Izmir Soil 

SiOz 47.73 55.60 65.74 

Ah0 3 6.01 12.60 12.99 

FeZ03 10.22 5.97 6.80 

TiOz 0.32 0.72 0.41 

CaO 3.05 7.14 1.56 

MgO 20.68 2.57 0.98 

NazO 0.63 1.52 0.73 

KzO 0.40 1.70 1.78 
-

LOI 9.58 11.89 9.47 
-..".......".~-.....-~~~~-=-"-~'" 

Both SiOz and Ah03 are present at higher amounts in the Izmir Soil, and to a lesser 

degree in the Samsun and Fethiye soils. On the other site, the FeZ03 and MgO contents of 

Fethiye Soil are higher than that of Izmir Soil and Samsun Soil, which has the lowest 

FeZ03. In general, TiOz was present at very low amounts especially when compared to the 



63 

other oxides. As expected, the CaO content of Samsun Soil was the highest and that of 

Izmir Soil the lowest, as was also determined in the total carbonate analyses conducted at 

Ege University. MgO was found to be extremely high in the Fethiye Soil and 

comparatively very low in the Izmir Soil. The NazO contents of both Fethiye and Izmir 

soils were close, almost half of that of Samsun Soil. On the other hand, KzO contents of 

Samsun and Izmir soils were found to be equal. 

4.2. Zinc Adsorption Behaviour 

The adsorption of zinc on three greenhouse soils was examined by studying the 

adsorption of zinc within a concentration range of 10-500 mg/L. For comparison purposes 

zinc adsorption was additionally performed on two different clays, KGa-l b and SAz-l. 

When the results of adsorption experiments were evaluated, the dependence of equilibrium 

concentration of zinc associated with the solid phase (qA, mg/g) on the aqueous solution 

concentration of zinc (Ce, mg/L) was described by adsorption isotherms. As can be seen 

from Figure 4.2, the adsorption of zinc exhibited a L-type isotherm with a high initial slope 

decreasing with increasing zinc concentration (Sposito, 1989). This initial increasing trend 

(qA ~ 1 mg/g cOlTesponding to a zinc concentration < 50 mg/L) was highest for Samsun 

Soil and lowest for Fethiye Soil. Considering the changes in qA values with respect to Ce, it 

can be recognized that the qA values were continuing to increase with a decreasing trend. 

At an equilibrium concentration of about 20 mg/L, the highest qA value, 4.3 mg/kg, was 

observed for Samsun Soil and the lowest, 2.4 mg/kg, for Fethiye Soil. These values were in 

accordance with their CEC values in Table 4.1. Increasing the equilibrium concentration to 

about 130 mg/L revealed qA values of only 7 mg/kg, 5.1 mg/kg and 3.8 mg/kg for Samsun, 

Izmir and Fethlye soils, respectively, reflecting the declining increase in adsorption. 

Sposito (1989) stated that this may be attributed to high initial affinity of soil particles for 

the adsorbate, followed by a decreasing amount of the adsorbing surface remaining as the 

excess in solution increases. A plateau formation was not observed at increased initial zinc 

concentrations for all soils, consequently not revealing a distinct Langmuirian type 

adsorption pattern. 
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Figure 4.2. Isotherms for zinc adsorption by greenhouse soils and clays. 

As a general expression the adsorption data were fitted into the Freundlich 

adsorption model simply describing the relationship between the zinc adsorbed on soil (qA, 

mg/g) and that remaining in solution (Ce, mgIL) with the help of KF and lin coefficients, 

Table 4.5. KF, the sorption capacity, can be determined from the intercept and lin, 

indicating to the degree of non-linearity between the capacity of adsorbent and equilibrium 

solute concentration, from the slope of its linear form. The KF value of Samsun Soil, 

calculated as 1.22 mgl-n L n/g, was found to be the highest among soils, followed by the 

Izmir Soil with a KF value of 0.96 mgl-n L n/g. The lowest KF value, on the other hand, was 

observed for the Fethiye Soil, which was about 0.76 mgl-n Ln/g. Considering the lin 

values, it can be seen that all soils revealed a similar value, which was ranging between 

0.36 and 0.38. Sorption of zinc could be better explained by Feundlich equation when the 

data was resolved into two linear parts identified as Part 1 and Part 2, especially for 

Samsun Soil and Izmir Soil. Separation to two parts was not really necessary for Fethiye 

Soil, but for Samsun Soil definitely helpful (Figure 4.3). The zinc concentration at which 

the lines, representing both parts, meet was found to be 30 mg/L, 40 mgIL and 100 mg/L 

for Fethiye, Izmir and Samsun soils, respectively. Hence, Part 1 represents the sorption 
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pattern up to these concentrations and Part 2 the pattern remammg above these 

concentrations. This zinc concentration might be related to the adsorption capacity of soils, 

which represent the same order of CEC of soils. Elrashidi and O'Connor (1982) similarly 

explained that soils with higher CEC had a wider range of Freundlich isotherm linearity 

(Part 1) than those with lower CEC. Resolution of the linear form of Freundlich equation 

into two parts was also reported by Kuo and Mikkelsen (1979), Taylor et al. (1995) and 

Falatah and Sheta (1999) for the explanation of zinc adsorption. Resolution of zinc 

adsorption data into two linear portions may indicate that zinc adsorption is controlled by 

two different sites varying in their binding energies. 
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Figure 4.3. Zinc adsorption expressed by linear Freundlich equation. 

For Fethiye and Izrnir soils, the KF values for the first linear part were higher than 

that for the second part, whereas Samsun Soil represented a different situation by having a 

slightly lower KF value for the first and a higher l<F for the second linear part. This might 

indicate that the adsorption mechanisms involved are proceeding at different rates for soils 

with different composition. Higher KF values for Part 2 were also reported by F alatah and 
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Sheta (1999) who studied the adsorption of zinc on two sandy loarns having 4 and 8.2 % 

CaC03. The KF value of Part 1 of Gizan Soil (2.64 mgl-n Ln g-l) was in the same range of 

the KF value of Sarnsun Soil (2.38 mgl-n Ln g-l). The KF values for Part 2, on the other 

hand, were much higher than those of Sarnsun Soil. This might be related to the studied 

zinc concentrations, which were much lower than the concentrations of this study. Thus in 

the case of Sarnsun Soil, complexation andlor coprecipitation with carbonates is obviously 

more pronounced than in the Fethiye and Izmir soils, thus resulting in higher KF values for 

both parts. 

The exponential term of Freundlich equation is an indicator of how the capacity of 

the adsorbent varies with the equilibrium solute concentration. Part 1 of all greenhouse soil 

exhibited higher lin values than Part 2, meaning that the high affinity sorption sites are 

occupied at low concentration, whereas at higher concentrations also sites of lower affinity 

are occupied (Wilkins et aI., 1998). Generally, lin values were found to be less than unity 

« 1), ranging between 0.21 and 0.99, and thus reflecting the decreasing affinity of surfaces 

for zinc. For Part 1, Samsun Soil almost reached unity (0.99), thus the highest adsorption 

intensity, and Fethiye Soil the lowest, whereas for Part 2 the order was reverse. 

When the KF values of soils, calculated for overall data or separately for both parts, 

were evaluated in relation to their soil properties it was found out that soils with higher 

CEC reflected higher KF values than those with lower CEC. Similarly, KF values increased 

for soils with higher pH. The greater sorption of metals with increase in CEC and pH is 

known (Szymura, 1988; Taylor et ai., 1995; Wilkins et ai., 1998). A direct relation of 

organic matter and clay content with KF values could not be established. Despite its lower 

clay content, Izmir Soil presented higher KF values than Fethiye Soil, reflecting the 

contribution of organic matter and the importance of clay type. The low KF value of 

Fethiye Soil might be attributed to its low organic matter content and the presence of 1: 1 

type clay kaolinite possessing low CEC. The highest KF value was obtained for Samsun 

Soil due to its higher clay (mainly smetite), organic matter and carbonate contents. 

Martinez and Motto (2000) stated that CaC03 surfaces provide sites for metal-surface 

interaction via specific adsorption or speciation reactions. Madrid and Diaz-Barrientos 

(1992) found that removing the carbonate from soil reduced the adsorption capacity of soil. 
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Table 4.5. Freundlich coefficients for zinc adsorption by greenhouse soils 

---------.-~~--~--~------.. --. 
Fethiye Soil Part 1 

-~--~----.----~----.--------~-----.-----. 

0.85 0.44 0.980 

Part 2 0.8 0.35 0.997 

Overall 0.76 0.38 0.996 

Samsun Soil Part 1 2.38 0.99 0.998 

Part 2 2.40 0.21 0.995 

Overall 1.22 0.38 0.944 

Izmir Soil Part 1 1.59 0.69 0.993 

Part 2 1.29 0.28 0.993 

Overall 0.96 0.36 0.980 

.,--~-' ~---~. ~-~. ~-"'=-~.,...-.,..,.-,~~.~ 

The general trend observed in adsorption profiles in Figure 4.2 reveal that the 

adsorption data might be better interpreted with the Langmuir equation. To get deeper 

insight into the adsorption behaviour of zinc the data were fitted to the linearized Langmuir 

equation (Figure 4.4). A better fit (r~ 0.98) was obtained when the curve was resolved into 

two portions. Similarly, two portions of the curve were considered separately due to their 

differences in slope. Resolution of the linearized Langmuir equation into two parts was 

also reported by Shuman (1975), Shukla and Mittal (1979) and Taylor et al. (1995) for the 

explanation of zinc adsorption. The initial zinc concentration, at which the two lines 

(representing both parts) intersect, was found to be different for each soil. For the Fethiye 

soil the initial zinc concentration was found to be about 90 mglL, corresponding to the 

Ce = 11.75 mg/L and Ce/qA= 6.45 gIL values of the data adapted to the linear Langmuir 

equation. Accordingly, Part 1 represents the adsorption pattern up to 90 mgIL and Part 2 

the adsorption pattern remaining above this value. The initial concentration found for the 

Samsun Soil, on the other hand, was about 160 mgIL, corresponding to the Ce = 10.6 mglL 

and Ce/qA= 3.4 gIL values. Thus, Part 1 was reflecting the adsorption pattern remaining 

below 160 mgIL and Part 2 the pattern present above 160 mglL. For the Izmir Soil, this 

value was about 140 mgIL corresponding to the Ce = 17.33 mgIL and Ce/qA= 6.36 gIL 
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values of the data adapted to the linear Langmuir equation. Hence, the linear low 

concentration portion (Part 1) was the portion up to 140 mglL and the linear high 

concentration portion (Part 2) the portion remaining above 140 mg/L. These initial zinc 

concentrations were almost congruent with the initial concentrations corresponding to the 

Point B values of adsorption isotherms of all the soils, which were about 90 mg/L and 

1.8 mg/g for the Fethiye Soil, 170 mg/L and 4.2 mg/g for the Sarnsun Soil and 140 mglL 

and 2.87 mg/g for the Izmir Soil, respectively. Point B was deduced from the adsorption 

isotherm from the intersection of tangents to the origin and plateau of isotherms. The Point 

B was defined by Echeverria et al. (1998) as the initial metal concentration corresponding 

to the monolayer capacity. Some of the Point B values were close to those reported by 

Echeverria et al. (1998) for the monometal zinc adsorption by similar sandy clay loarns. 
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The KL values, representing the relative bonding energy, and M values, the 

adsorption maximum, were evaluated separately for both parts and for the overall data. 

Subtraction of the adsorption maximum of Part 1 from qA values of Part 2, as.proposed by 

Shuman (1975), resulted in erratic values; thus correction for Part 2 was not perfonned. 

The KL and M values derived for the parts of the adsorption isotherms of soils can be seen 

in Table 4.6. The KL values were generally higher for the first part and lower for the 

second part, again suggesting the presence of two different adsorption sites. These results 

are similar to the findings of Shuman (1975) and Taylor et al. (1995). Accordingly, high 

affinity adsorption sites are occupied at lower concentrations, whereas at higher 

concentrations (Part 2) site of lower affinity are also occupied. This was also reflected by 

the higher KL values for Part 1. Shuman (1975) similarly explained that the sites 

responsible for zinc sorption at low concentration are characterized by much higher 

energies than for those at higher concentrations. The M values were all higher for the 

second part of all soils, slightly exceeding the M values of overall data. In general, the M 

values of Part 2, but especially that of the overall data were in consistence ""ith their 

highest qA value of adsorption isotherms of all soils in Figure 4.2. Additionally, the M 

value of Samsun Soil was again the highest among soils, which can be directly related to 

its physicochemical properties. Izmir Soil represents a lower M value than Samsun Soil, 

due to its lower clay and carbonate contents and consequently lower CEC. As expected, the 

M ofFethiye Soil was the lowest. 

Shuman (1975) proposed that Part 1 sites might be more important for their high 

bonding energies and Part 2 sites more important for their high adsorptive capacities. M 

and KL values of these greenhouse soils indicate to the same findings. However, Shuman 

(1975) conclud~d that organic matter is involved in the high bonding energy of Part 1 sites, 

whereas organic matter content was higher for Samsun Soil and Izmir Soil having higher 

adsorption capacities (Part 2) than Fethiye Soil. Similarly, bonding energies were higher 

for Fethiye Soil and Samsun Soil having also relatively higher clay contents. Therefore, it 

should be evaluated how reliable it is to make a correlation between bonding energy and 

organic matter, as it is known that many other solution conditions may influence the 

reactions undergoing in the soil solution. 
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Table 4.6. Langmuir coefficients for zinc adsorption by greenhouse soils 

M, mg/g KL , Llmg 
-.-----..... -~-~-----

F ethiye Soil Part 1 
---------~----.------------------

1.93 0.78 0.985 

Part 2 4.49 0.05 0.994 

Overall 3.33 0.18 0.984 

Samsun Soil Part 1 4.29 0.34 0.998 

Part 2 7.94 0.05 0.998 

Overall 7.55 0.08 0.995 

Izmir Soil Part 1 2.82 0.99 0.997 

Part 2 5.94 0.04 0.998 

Overall 5.40 0.10 0.995 

--~~""==-""'~-"'-Y=""";""""""~~~"''''''' , ~--=-""""--'--' -~. ---~-~~~-~~. -.. -----"""-.,.,."...=< 

Changes in pH of soil suspensions were recorded by measuring the pH of 

suspensions at the beginning and the end of the shaking period, defined as the initial and 

the equilibrium pHs, respectively. Generally, the equilibrium pH decreased with increasing 

initial zinc concentration. Thus, the highest equilibrium pH values were recorded for the 

lowest zinc concentration (10 mgIL), as 7.04, 7.95 and 7.25 for Fethiye, Samsun and Izmir 

soils, respectively. For higher zinc concentrations the lowest equilibrium pH was about 

6.03 for the Fethiye Soil; all other equilibrium pH were above 6. The equilibrium pH of 

Samsun Soil was always the highest among soils, which was directly related to its high soil 

pH and carbonate content. Similarly, the low suspension pH ofFethiye Soil through out the 

adsorption experiments were attributed to its lower soil pH. 

Considering the changes between initial and equilibrium suspension pH, Table 4.7, 

the highest difference was observed for Samsun Soil and lowest for Izmir Soil, indicating 

to the influence of carbonates. The reason of the general increase in suspension pH was 

assumed to be the dissolution of carbonates, resulting in the formation of ZnHC03 - and 

ZnC03 species. Dang et al. (1996) who have evaluated the zinc species present in soil 

solution, stated that ZnC03 species begin to form at pH > 7, a pH where ZnHC03 - is 
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already present. Schnitzer and Kerndorf(1981), on the other hand, showed that zinc starts 

to precipitate at a pH about 6.2. Taking into account the higher suspension pH at lower 

zinc concentrations, it can be suggested that at low zinc concentrations precipitation of zinc 

is more involved than that at higher concentrations. Mesquita and Vieira e Silva (1996) 

stated that zinc in soils having high levels of CaC03 and soil-solution pH can be retained 

by surface precipitation or sorption of Zn(OHt ion and adsorbed by carbonate surfaces, 

reflecting the situation of Samsun Soils. Sorption of the metals as metal hydroxide ions 

was also supported by Barrow (1986). Petrovic et al. (1999) also reported that at higher pH 

levels heavy metals are removed from solution by coprecipitation with calcite. 

Table 4.7. pH values of the suspensions before and after equilibrium 

'"f~'- iOOPP~~~~":-Illitfu.I~~~Pe~i~ti plr=·Eqirilibri~;usP~~~·PH'~ 

Fethiye Soil 

Samsun Soil 

Izmir Soil 

5.98 

6.37 

6.42 

6.36 

7.15 

6.58 
_,*~~,~~,~~~_~.~"~-_'~'_~~_~~_~_.~'.~-"~'~~4'~'_~~_~~~_~."~_~~~~~_~"._~"_,_,~~~~_,, 

pH of 100 mg/L zinc solution was 5.23. 

Comparison o/Zinc Adsorption on Soils with Sorption on Special Clays: In order to 

evaluate the adsorption capacities of greenhouse soils with respect to adsorption isotherms 

representing higher adsorption capacities, zinc adsorption was additionally performed with 

clays having different cation exchange capacities. The clay possessing high CEC (120 

meq/100 g) was selected as a Ca-montmorillonite clay, SAz-1, and that with very low CEC 

(2 meq/1 00 g) was selected as a kaolinite, KGa-1 b. As expected zinc sorption was highest 

for the montmorillonite and lowest for the kaolinite, represented by their adsorption 

isotherms in Figure 4.2. The high zinc adsorption on SAz-1 was due to its expanding 

nature resulting in an elevated CEC. On the contrary, the non-expanding nature of KGa-1 b 

resulted in a quite lower adsorption of zinc. 

Considering the adsorption of zinc by greenhouse soils, it can be recognized that 

their isotherms are placed between the isotherms of clays. The adsorption isotherm of 

Samsun Soil is found to be the closest to the isotherm of SAz-1, especially considering the 
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adsorption pattern up to a zinc concentration of200 mgIL (qA ~ 4.25 mg/g, Ce ~ 20 mg/L). 

The adsorption pattern above this concentration reveals a variation indicating to the 

difference in their adsorption capacities. This is also reflected by the percentage of zinc 

adsorbed by Samsun Soil and SAz-l, which is equal (88 %) at 200 mg/L zinc. Increasing 

the concentration to 400 mgIL results in a decrease in zinc adsorption to 68.5 % for 

Samsun Soil and to 79.3 % for SAz-1. At a concentration of500 mg/L these values further 

drop to 61.9 % and 75.7 % for Samsun Soil and SAz-l, respectively, representing 

especially the declining adsorption capacity of Samsun Soil in comparison to the clay. The 

corresponding percentages of zinc adsorbed by KGA-l b clay, Fethiye Soil and Izmir Soil 

are 13 %, 68 % and 76 %, respectively. 

Zinc Adsorption Kinetics: Changes in the zinc concentrations (10 mg/L) remaining 

in solution were evaluated with respect to time. It was found that the adsorption reactions 

proceed very fast for all soils. Over 90 % of zinc was retained on surfaces within 5 min, 

however adsorption continued with decreasing trend reaching equilibrium in 4 h for 

Samsun and Izmir soils. Fethiye Soil reached equilibrium in 8 h. The lower adsorption 

capacity of Fethiye Soil could be distinguished by its lower initial slope. These results are 

in accordance with the previously reported findings on the cation adsorption reactions in 

soil, which were also found to be rapid, operating on time scales of minutes or hours, but 

also able to exhibit long-time "tails" that extend over days or even weeks (Sposito, 1989). 

The kinetic data were presented in terms of zinc concentration in solution divided 

by the initial zinc concentration (normalized concentration values, expressed as Cs/Ci) 

in Figure 4.5. The application of the first order kinetic rate model (-dC/dt = k-C; 

C: concentration of zinc, mgIL; k: first order rate constant, min-I) revealed no significant 

correlations (r2 < 0.70) for all of the soils. Therefore, adsorption of zinc with respect to 

time was examined by the initial rate method. The initial rates, which were calculated as 

2.12 ± 0.05 mg/L/min for the first 5 minutes, presented that the initial trend of adsorption 

of 10 mg/L zinc was the same for all soils. However, zinc adsorption behaviour of the soils 

were found to be comparatively different between 5 min and 4 h. For a contact time of 8 h, 

on the other hand, the data of all three soils overlapped revealing the same degree of 

adsorption. 
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Figure 4.5. Comparison of normalized values of concentration of zinc remaining in 

solution versus time; Ci: 10 mg/L Zn. Inserted Figure: Samsun Soil, zinc concentration 

Ci: 10 and 500 mg/L Zn. 

The kinetics of 500 mg/L zinc adsorption on Samsun Soil was assessed in order to 

evaluate the differences between the adsorption behaviour of low and high zinc 

concentrations (inserted figure in Figure 4.5). For 500 mg/L zinc, the initial rate method 

revealed an adsorption rate of 42.9 mg/L/min for the first 5 minutes, indicating again to a 

fast interaction. In comparison to the findings of 10 mg/L zinc adsorption, only 40 % of 

zinc was adsorbed in 5 minutes. An additional adsorption of 14 % was observed when the 

reaction time was increased to 24 h, reflecting the declining adsorption capacity previously 

defined as "long-time tail". Huang and Liao (1970), on the other hand, explained the rapid 

initial sorption followed by a slow increase in sorption by a fast sorption to the outer sites 

of particles and further slower sorption to the inner parts of the particles. A further change 

in zinc adsorption was not recorded for a contact time of 32 h, denoting that the 

equilibration time could be accepted as 24 h for the adsorption of 500 mg/L zinc on soils. 
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A reaction time of 24 h was also proved to be adequate for the equilibration of elevated 

metal concentrations (5000 mgIL) by Polo et al. (1999). 

4.3. Removal of Zinc with Chelating Agents 

The removal of zinc from greenhouse soils was accomplished with two different 

groups of chelating agents, naturally occurring and artificially produced chelating agents. 

Among the naturally occurring chelating agents humic and fulvic acid were chosen since 

these are the best known chelators naturally occurring in soil and water ecosystems. Both 

humic and fulvic acids are classified as polydentate chelating agents with high molecular 

size varying in the number of functional groups. In comparison to humic acids, fulvic acids 

contain more functional groups like carboxylic and phenolic groups. Among artificially 

produced chelating agents, EDT A and DTP A have been selected; EDT A is a well known 

chelating agent and DTP A is a chelating agent used in agricultural experiments for the 

determination of plant available micro elements. Additionally, EDT A is introduced into soil 

and water ecosystems either by application as a fertilizer (providing nutrient in the form of 

chelates) or by waste discharge from food preparation facilities etc. Both are oligo dentate 

chelating agents, of which EDT A is heksadentate and DTP A is octadentate, possessing low 

molecular weights. 

4.3.1. Removal of Zinc with Humic Acid and Fulvic Acid 

Results of studies involving the removal of zinc from soil by humic and fulvic acid 

treatments were not available in literature. However, some publications about metal, 

humic/fulvic acid and soil interaction have been made indicating to the formation of 

soluble humiclfulvic acid-zinc complexes. de1Castilho et al. (1993), for example, stated 

that the fulvic acid present in cattle manure caused to the solubilization of metals. Petrovic 

et al. (1999), on the other hand, examined the interactive sorption of metal ions and humic 
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acid onto mineral particles and concluded that zinc adsorption decreased at pH > 7 by the 

fonnation of soluble humic/fulvic acid-zinc complexes. Similar results were also reported 

by Prasad et al. (1976), Chairidchai and Ritchie (1990), Spark et al. (1997c) and Zuyi 

(2000). In the scope of these findings, the removal of zinc from soil by possible formation 

ofhumic/fulvic acid-zinc complexes was investigated. 

4.3.1.1. Evaluation of Optimum Time for the Removal of Zinc by Humic Acid and Fulvic 

Acid: The optimum time for the extraction of zinc from Samsun Soil previously 

treated with 10 mg/L zinc was determined by conducting extraction experiments at times 

of 1, 2, 4, 8, 24, 32 h with a humic acid solution concentration of 100 mg/L. Results 

showed that an initial removal of 1.8 % was reached in an hour; an increase to 2.4 % was 

observed by increasing the extraction time to 24 h and no further increase was detected 

within 32 h (Figure 4.6). Since humic acid extraction is a slowly proceeding process the 

extraction time was determined to be 24 h in the extraction experiments carried out with 

humic acid. Fulvic acid extractions experiments were also perfonned for 24 h for 

comparative purposes. 
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Figure 4.6. Changes in zinc removal efficiencies with respect to time. 
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4.3.1.2. Removal of Zinc from Greenhouse Soils with Humic Acid: The removal of 

zinc from greenhouse soils, previously treated with 10 mgIL zinc solution, was 

accomplished with varying humic acid concentrations ranging between 100-1000 mgIL. As 

can be seen from Figure 4.7, the removal of zinc from all soil samples with 100 mglL 

humic acid was only 2.17 %, 2.47 % and 2.73 % for Fethiye, Samsun and Izmir soils, 

respectively. Increasing the concentration to 200 mgIL resulted in an increase to 3 % for 

Fethiye Soil. An additional increase of about 2 % was achieved when zinc was extracted 

with a humic acid concentration of 300 mgIL. The highest removal efficiency observed for 

Fethiye Soil was about 7 % at the highest humic acid concentration of 1000 mgIL. For 

Samsun Soil, a removal efficiency of about 4 % was achieved by a humic acid 

concentration of 200 mglL. Increasing the concentration to 300 mgIL resulted in an 

additional zinc removal of 1.7 %. With a humic acid concentration of 1000 mgIL, the 

highest removal of zinc accomplished was 7.3 %. The removal of zinc from Izmir Soil 

with 200 mg/L humic acid concentration was about 4.8 %, which was further increased to 

6.2 % when the concentration was raised to 300 mgIL. The highest zinc removal observed 

for Izmir Soil was 7.7 % achieved with a humic acid concentration of 1000 mgIL. In 

general, the removal of zinc from soils increases with a declining trend almost approaching 

equilibrium conditions. The total removal efficiency achieved by 1000 mgIL was 

approximately 8 % for all of the soils. 
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Figure 4.7. Removal of zinc with various humic acid concentrations. 
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For all soils a different situation was recorded for 150 mg/L humic acid treatments, 

which did not reflect an additional increase in the removal of zinc despite the increase in 

humic acid concentration from 100 mgIL to 150 mg/L. A similar situation was observed by 

Schnitzer and Kemdorff (1981), who studied the complexation of zinc with fulvic acid at 

different pH ranges. It was reported that fulvic acid-zinc complexes precipitated mostly at 

fulvic acid concentrations between 50 mg/L and 150 mg/L at pH between 6 and 8. In order 

to see if the reduced removal efficiencies of 150 mgIL humic acid concentration can be 

related to a similar precipitation process as was observed for fulvic acid, additional 

experiments were carried out. For this purpose, humic acid-zinc solutions (20-500 mg/L 

humic acid and 10 mg/I zinc) wen: equilibrated under the same conditions of extraction 

experiments. Similarly, pH adjustments were not performed, thus the pH of humic acid­

zinc solutions increased from about 6.5 to 8 as the concentration of humic acid increased 

from 20 mg/L to 500 mg/L. This pH range resembles the conditions of Schnitzer and 

Kemdorff (1981). As can be seen from Figure 4.8, a precipitation maxima was observed 

for a humic acid concentration of 150 mg/L. Further increasing the humic acid 

concentration resulted in a decrease in precipitation, indicating that zinc was not 

precipitating as Zn(OHh despite the increasing pH. These changes in the precipitate 

formation were also visually recognized when attention was paid to the remainings in the 

centrifuge tubes. Thus, it can be stated that a similar situation observed _ by Schnitzer and 

Kerndorff (1981) for the fulvic acid-zinc complexes, was prevailing for humic acid-zinc 

complexes. 
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Since a similar increase in the pH of humic acid soil suspensions in extraction 

experiments, from about 7 (100 mg/L) to 8 (300 mg/L), was recorded it can be accepted 

that, from pH point of view, the humic acid zinc equilibration conditions reflect the 

conditions of extraction experiments. Thus, the low zinc removal efficiencies 

accomplished by 150 mgIL humic acid concentration can be attributed to the precipitation 

of humic acid-zinc complexes. This was also verified by the visual observations of the 

extraction experiments. For all soils, a slight :film formation on the soil samples in 

centrifuge tubes was noticed. The highest :film thickness was observed in extraction 

experiments conducted with 150 mg/L humic acid solutions. The :film thickness, which 

was differentiated by the intensity of color, was highest for Fethiye Soil and lowest for 

Izmir Soil, actually reflecting the order of removal efficiency. A similar situation was 

observed by delCastilho et al. (1993), who reported that 80 to 95 % of cadmium and zinc 

most probably complexed by organic matter are removed from solution after 

supercentrifugation. 

The effect of zinc load on the extraction efficiency of humic acid was examined by 

performing an extraction experiment on a sample of Fethiye Soil previously treated with 

50 mg/L zinc to reveal a zinc load of 1250 mg/kg zinc. A removal efficiency of 4.05 % 

was observed by 200 mg/L humic acid in comparison to 3 %, indicating that zinc load had 

little effect for a concentration of 200 mg/L. When the same experiment was conducted 

with a humic acid concentration of 20 mg/L, zinc was only removed about 1 % from the 

Fethiye Soil At this concentration, a :film formation was not observed, presenting that 

precipitation of humic acid-zinc comple)~es was not occurring. This also approved the 

findings of Schnitzer and Kemdorff (1981), who did not observe precipitation for fulvic 

acid-zinc complexes for concentrations below 50 mg/L. It was explained that the fulvic 

acid zinc complexes became more water soluble, most likely because of the availability of 

more fulvic add-metal binding sites or reactive or functional groups as the fulvic acid 

concentration increased. 

The Effect of pH on the Removal of Zinc: Among the various binding sites of humic 

substances carboxylic and phenolic functional groups are the most important ones. Waller 

and Pickering (1992) stated that initial ui'take of metals occurs at the most active sites and 
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that lower affinity sites are used after consumption of higher affinity sites. The reactivity of 

these functional groups depends mainly on their dissociation, which is detennined with 

their pKa values. At solution pH above pKa, the functional groups of humic acid are 

deprotonated resulting in a negative charge. Metals in solution are attracted by this 

negative charge, leading to complexation reactions. McBride et al. (1997) stated that soil 

solution pH is a controlling variable for metal complexation by organic matter. Various 

pKa values of humic acid solution from different origins have been reported. Tomb<icz et 

al. (2000) stated the PKal value, which presents the pH at which carboxylic groups are 

dissociated, to be 3.7 ± 0.1 and the pKaz value, which presents the pH at which phenolic 

groups are dissociated, to be 6.6 ± 0.1 ofa coal derived humic acid. Tipping (1993) derived 

the pKa values from published results for various soil humic acids with the core Model V 

program and presented the average pKal and pKaz values of humic acids as 4.0 and 8.6, 

respectively. Spark et al. (1997a) stated that carboxylic species dissociate around pH 4-5 

and phenolic species dissociate at pH > 10. Roughly at pH ~ 4-5 carboxylic type and at pH 

~ 9 phenolic type functional groups are dissociated (Schulten and Schnitzer, 1997). pH of 

soil solution suspensions during the extraction experiments were slightly above 7 at a 

humic acid concentration of 100 mgIL (PHHA = 10.3) for all soil samples. As the 

concentration of humic acid solution increased to 300 mg/L (PHHA = 10.7) the pH of soil 

solution suspensions also increased, approaching a pH of about 8. The reason of lower pH 

of suspensions in comparison of high humic acid solution pH, was the buffering capacity 

of soils, which is dependent on the pH of soils and the amount of ions associated with the 

solid phase. Since pH of suspensions were ranging between 7 and 8, not approaching 9, it 

can be assumed that only carboxylic fundional groups were deprotonated. Low removal 

efficiencies might be related to the elimination of the participation of phenolic functional 

groups during extraction. 

In order to evaluate the effect of pH on the extractability of humic acid, extraction 

with 300 mg!L humic acid solution was carried out at suspension pH of 10.5 ± 0.2 which 

was maintained by hourly pH adjustments. Increasing the suspension pH from about 8 to 

approximately 10.5 resulted in an additional increase of zinc removal from Fethiye Soil of 

about 1.7 %, from 5.2 % to 6.9 %. Since at a pH above 9, phenolic functional groups are 

also deprotonated this increase might be attributed to the involvement of these functional 

groups in the extraction process. Spark et al. (1997a) mentioned that at higher pH humic 
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acid molecules become more open and linear in shape due to decrease in intra and inter 

molecular hydrogen bonds and increase in repulsive forces between the dissociated 

functional groups. Under these conditions humic acid functional groups would be more 

accessible to the metals in soil solution. Naidu and Harter (1998), on the other hand, 

related the release of cadmium to soil solution to the higher solubility of organics at higher 

pH. 

A much higher removal efficiency was observed when the suspension pH was 

decreased to about 5. The removal of zinc from Fethiye Soil with 100 mgIL humic acid 

was increased from 2.2 % to 14.9 %. To examine the contribution of acidity, a control 

experiment was carried out at exactly the same condition but using distilledfdeionised 

water with approximately the same pH. The results indicated that acidity was the main 

contributor of zinc removal. By just using distilledldeionised water with a pH of 5, 9.7 % 

of zinc was removed from soil. High zinc concentration in the labile dissolved organic 

carbon was also obtained by A.Jmas et al. (2000), who concluded that this due to the lower 

soil pH and the lower content of organic matter in the loam soil. Actually an extraction 

efficiency of 5.2 % (obtained by subtraction of9.7 from 14.9) is still high for a humic acid 

concentration of 100 mg/L, especially when it is taken into account that only carboxylic 

groups are dissociated. The reason of high removal efficiencies might be the dissolution of 

zinc bound to different soil constituents like calcite. Martinez and Motto (2000) stated that 

carbonate compounds dissolve easily by lowering the pH of extraction so that metal 

solubility from calcareous soils is more susceptible to decreases in pH. Another reason 

might be the release of bound zinc from iron and aluminium oxides, etc. which are 

definitely positively charged at pH 5; pHpzc > 5 (stated in Section 2.1.3). Zinc released 

from these surfaces is unable to bind to carboxylic functional groups due to the absence of 

humic acid in the experiment, thus keeping its soluble state in solution. In the presence of 

humic acid zinc is bound to the humic acid molecule, which might be later on adsorbed as , 
humic acid-zinc complexes on mineral surfaces. 
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Adsorption of Humic Acid on Greenhouse Soils: To detennine the degree of humic 

acid adsorption on greenhouse soils batch adsorption experiments were performed with 

humic acid concentrations ranging between 10 mgIL and 200 mgIL. The concentration of 

standard humic acid solutions and supernatants were detennined as COD (mg Oz/L). COD 

results of some supernatants were higher than that of standards initially added to soils, 

indicating that release of dissolved humic substances from soils occurred. For Fethiye Soil 

a higher COD was only recorded for the supernatant of 10 mgIL humic acid adsorption, 

whereas for Samsun Soil supernatants of 10-60 mgIL humic acid adsorptions and for Izmir 

Soil supernatants of 10-40 mgIL humic acid adsorptions had higher COD values than the 

COD values of standard humic acid solutions. In order to understand the amount of 

dissolved humic substance released by soils after 24 h of shaking, supplementary 

experiments were conducted. The experiments were carried out under the same conditions 

except that distilledldeionised water was added to soils instead of humic acid solutions. 

COD of supernatants were highest for Samsun Soil and lowest for Fethiye Soil, 

representing a decreasing order of release as Samsun Soil> Izmir Soil> Fethiye Soil. Soil 

organic matter content of Fethiye, Samsun and Izmir soils were 2.7 %, 4.6 % and 4.7 %, 

respectively. Low dissolution of organic matter from Fethiye Soil might be related to its 

low organic matter content and to its low soluble organic matter fraction. Since the organic 

matter content of Samsun and Izmir soils are close, it can be proposed that the soluble 

organic fraction of soil organic matter is higher for Samsun Soil than for Izmir Soil. The 

COD values, which were also verified by the TOC values, of released organic substances 

were 13, 32.7 and 17.6 mg Oz/L corresponding to volume corrected COD values (CODcorr) 

per g soil of 0.33, 0.82 and 0.44 COD/g soil for Fethiye, Samsun and Izmir soils, 

respectively. 

Adsorption and desorption of humic subtances on soil and soil constituents like iron 

and aluminium oxide is generally assessed as sorption per mass of soil (mg/ g) versus initial 

concentration of humic acid added to soils (Moore et ai., 1992; Moore and Matos, 1999; 

Kaiser and Guggenoorger, 2000). Initial humic acid concentrations are used instead of final 

humic acid concentration in solution, to consider humic acid adsorption hysteresis (Kaiser 

and Zech, 2000). The results on humic acid adsorption experiments were evaluated by 

plotting the changes in humic acid concentration, as sorption per mass of soil (CODcorrIg), 

against the initial humic acid concentratian added to soils. As can be seen in Figure 4.9, the 
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adsorption of humic acid on all greenhouse soils represent a linear behaviour resembling 

C-type isothenn; adsorption increased with an increase in the initial humic acid 

concentration added to soil without any saturation of soil adsorption sites. The adsorption 

of humic acid on greenhouse soils is highest for Fethiye Soil and lowest for Izmir Soil. It is 

known that adsorption of dissolved organic matter increases with decreasing organic 

matter and increasing iron and aluminium oxides! hydroxides and clay contents (Kaiser 

and Guggenberger, 2000; Kaiser and Zech, 2000; Moore et al., 1992; Moore and Matos, 

1999; Kalbitz and Wennrich, 1998). Fethiye Soil has a higher iron oxide content than 

Samsun and Izmir soils (Table 4.4). On the contrary, the aluminium oxide contents of 

Samsun and Izmir soils are two times higher than that of Fethiye Soil. Under these 

conditions, it seem that the organic matter and clay contents are the controlling factors in 

humic acid adsorption. Thus the high adsorption of humic acid on Fethiye Soil is mainly 

due to its quite low organic matter and high clay content. Samsun and Izmir soils have 

almost the same organic matter contents, however the clay content of Samsun Soil is two 

times higher than that of Izmir Soil. Thus the adsorption of humic acid on clay surfaces is 

more pronounced for Samsun Soil The low humic acid adsorption of Izmir Soil can be 

related to its high organic matter and low clay contents. The negative values in the 

isotherms reflect the dissolution of organic matter from greenhouse soils. Organic matter 

dissolution was also similarly recognisable from the dissolved organic -matter adsorption 

isothenns of Kaiser and Zech (2000) and Moore et al. (1992). 
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Figure 4.9. Adsorption of humic acid on greenhouse soils. 
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Effect of pH on Humic acid Adsorption: Adsorption of dissolved organic matter on 

mineral surfaces increases with decreasing pH (Vermeer et al., 1998). Spark et al. (1997b) 

stated that sorption of humic acid was found to be related to the nature of charge on the 

mineral surfaces, with positively charged surfaces sorbing the humic acid to a greater 

extent than negatively charged surfaces. This might be the reason why soil organic matter 

hinders while oxideslhydroxides in the clay fraction promotes the adsorption of dissolved 

organic matter on soil surface. Kaiser and Zech (2000) concluded that soil organic matter 

causes to the occupation of sorption sites and thus to a decrease in positive charges, 

consequently resulting in a charge reversal on mineral surface (Vermeer et at, 1998). 

Aluminium and iron oxideslhydroxides, on the other site, are generally positively charged 

at pH below 8 depending on their pHzpc; pHzpc of goethite (a-FeOOH), for example, is 9.3, 

that of alumina (a-Ah03) is 8.6 (Spark et al., 1997b) and that of hematite (a-Fe203) is 9 

(Vermeer et al., 1998). The direct contribution of silica-alumina clay minerals on dissolved 

organic matter adsorption is not well understood. Kaiser and Zech (2000) tried to 

determine the net effect of clay on dissolved organic matter adsorption by removing the 

organic matter and oxideslhydroxides on the clay particles. Results showed that the non­

expandable layer silicates, e.g. kaolinite, exhibited a weak sorption of dissolved organic 

matter, especially when compared with that of goethite. AlOH surfaces of the expandable 

2: 1 layer silicates contribute to the adsorption of humic matter. Howev~r, observations of 

Inoue et al. (1990) revealed that the sorption of humic substances onto pure 

montmorillonite is still small compared to that on AlOH- and SiAlOH- montmorillonite 

complexes. Thus, conflicts about the direct contribution of clay minerals to dissolved 

organic matter adsorption make it difficult to specify the effects of varying clay species in 

F ethiye, Samsun and Izmir soils on the humic acid adsorption. 

In general the adsorption is due to both specific (non-Coulombic) and electrostatic 

(Coulombic) interactions (Vermeer et al., 1998). Differences in the extent of sorption on 

different sites might be attributed to the extent of each type of bond involved, which is 

depending on the surface characteristics of minerals. Thus, Kaiser and Zech (2000) 

reported the possible reason for small sorption onto layer silicates as the involvement of 

little to no chemisorptive bonds with organic acids. The sorption of dissolved organic 

matter on oxideslhydroxides, on the other hand, involves at a higher degree ligand 
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exchange binding (fonnation of stronger inner-phere complexes), especially with 

hydrophobic fraction of organic matter (Kaiser and Guggenberger, 2000). 

The effect of suspension pH on humic acid adsorption was investigated by 

measuring the pH of humic acid soil suspensions before and after equilibration. For soils 

with lower carbonate content and soil pH, the difference between both pH were higher; 

Fethiye Soil> Izmir Soil> Samsun Soil. However, when the pH changes were recorded 

against time it was observed that equilibrium pH was reached within a low period of time. 

Equilibrium pH of Fethiye, Samsun and Izmir soils was reached within 55 min, 5 min and 

30 min, respectively, representing the same order of pH. From these results it can be 

concluded that the pH and buffering capacity of soil are the governing parameters of humic 

acid soil suspension pH. 

Considering the equilibrium pH, humic acid adsorptions were proceeding in a pH 

range from 7 to 8. As can be seen from Figure 4.10, slight differences were only observed 

for lower concentrations of humic acid solutions, which did not seem to have any influence 

on sorption. At this pH range, which is close to the pHp-n: of aluminium and iron 

oxideslhydroxides, aluminium and iron oxideslhydroxides still carry a positive charge; 

humic acid molecules, on the other site, are negatively charged due to the deprotonation of 

only carboxylic functional groups (PKa - 4). Under these conditions, relatively high 

suspension pH, it can be proposed that the adsorption of humic acid molecules on mineral 

surfuce might have occurred directly and with a lesser extent of cation bridging between 

the humic acid molecule and mineral snrface. Thus, the reason of different adsorption 

behaviours of hurnic acid on greenhouse soils can only be explained with their organic 

matter and aluminium and iron oxideslhydroxides contents and not with the effect of pH on 

humic acid adsorption. 

Results of dissolved organic carbon (DOC) adsorption on soils mostly cannot be 

analysed with Freundlich and Langmuir adsorption equations due to the release of organic 

matter (Kaiser and Guggenberger, 2000; Vermeer et al., 1998). Freundlich and Langmuir 

equations might be only used to describe adsorption of humic material on montmorillonite, 

ferrihydrite etc, since these minerals are pure and release from soil organic matter has not 

to be considered (Liljestrand et ai., 1992). Therefore, "initial mass" approach (Nodvin et 
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al., 1986) was used to calculate a linear regression of sorption against humic acid 

concentrations. Kaiser and Zech (2000) stated that this approach was a useful tool for 

describing the sorption of DOC in soils because it allowed to consider the release of 

indigenous organic carbon. Moore et al. (1992) also used the initial mass approach for the 

sorption of DOC by soils and calculated the distribution coefficient l«I by using the 

regression coefficient (m) from the equations represented below; 

(4.1) 

~ = [m/ (I-m)] x (volume ofsolution)/(mass of soil) (4.2) 

where RE is the release or removal of DOC (mglg) and Xi is the initial amount of DOC 

added to soil (mglg). m, the regression coefficient, is similar to the partition coefficient. 

When RE is plotted against Xi, m can be obtained from its slope and b (mg/g) from its 

intercept.l«I is the distribution coefficient (m3/kg). 
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Figure 4.10. Equilibrium pH of humic acid soil suspensions. 

In Figure 4.11 adsorption behaviour of humic acid is represented according to the 

"initial mass" approach. Correlation coefficients (r~ 0.99) show that humic acid 
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adsorption can be well described by the linear initial mass isotherm. The regression 

coefficients and distribution coefficients were calculated and compared with the 

coefficients of Moore et al. (1992) and Nodvin et al. (1986). The coefficients, that can be 

seen in Table 4.8, are similar to those reported by Nodvin et al. (1992) (m = 0.60 and 

K<t = 1.50 X 10-
2 

m
3
/kg) and Moore et al. (1986) (m = 0.45 and K<t = 1.00 X 10-2 m3/kg). As 

expected m and .Kt was highest for Fethiye Soil and lowest for Izmir Soil. 
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Figure 4.11. Linear initial mass isotherm of humic acid adsorption on greenhouse soils. 

Table 4.8. Coefficients of linear initial mass isotherm of humic acid adsorption 

----~-,-------------

Fethiye Soil 0.47 

Samsun Soil 0.44 

Izmir Soil 0.24 

2.24 

1.98 

0.77 

0.994 

0.990 

0.996 

The low extractability of zinc from soils seems to be attributable to the adsorption 

of humic acid on mineral surface, especially when the order of humic acid adsorption is 

taken into account. It can be proposed that some of humic acid molecules either directly 

adsorb to the mineral surface or adsorb as humic acid-zinc complexes after extracting some 

of the zinc bound to minerals with weaker forces. As proposed by Spark et al. (1997c), the 
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below given reactions may be involved in the reaction mechanisms of a metal-humic acid­

mineral system; 

M + hu ~ M-hll(sol) (4.a) 

M-hll(sol) + S ~ M-hu-S (4.b) 

hU-~sol) + S ~ hu-M-S (4.c) 

where M stands for metal, hu for humic acid and S for soil minerals. 

In order to see to which extent zinc can be adsorbed as humic acid zinc complexes 

on minerals, an additional control experiment was carried out in duplicate. In this 

experiment, zinc was equilibrated with Fethiye Soil as humic acid-zinc complexes (100 

mgIL humic acid and 10 mg/L zinc) under the same experimental conditions. It was found 

out that humic acid zinc complexes were de£nitely not remaining in solution as soluble 

complexes, but were adsorbed to soil at exactly the same degree. Falatah and Sheta (1999) 

reported that amounts of zinc sorbed in the presence of dissolved organic carbon were 

higher than those without dissolved organic carbon. Shuman (1999), on the other hand, 

observed that adsorption of zinc to sandy soils was increased with humic acid amendment 

at pH of about 7. Another experiment was performed to see the direct influence of humic 

acid adsorption on zinc adsorption on soil. For this purpose, zinc adsorption (50 mgIL) was 

accomplished on a soil sample, which was previously treated with humic acid. Treatment 

of soil with 200 mg/L humic acid solution was done as in the humic acid adsorption 

experiments. Under these conditions, the zinc concentration in the supernatant dropped to 

half of the concentration in supernatant of 50 mgIL zinc adsorption experiments carried out 

in the absence of humic acid. Desorption of adsorbed humic acid and its complexation with 

zinc was not observed. 

Experiments reveal that the removal of zinc from greenhouse soils with humic acid 

solutions is relatively low, approaching only 8 % for a humic acid concentration of 
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1000 mgIL. The influence of soils suspension pH, which detennines the types of functional 

groups involved in the extraction experiments, was found to be insignificant. The 

interaction of humic acid with soils, on the other hand, revealed an increasing humic acid 

adsorption with increasing concentration. Additionally, adsorption of humic acid in the 

presence of zinc indicated rather to the increased adsorption of zinc instead of the 

formation of soluble humic acid-zinc complexes. Thus, the reason of low removal 

efficiencies can be attributed to the adsorption of humic acid. 

4.3.1.3. Removal of Zinc from Greenhouse Soils with Fulvic Acid: The removal of 

zinc from greenhouse soils was also accomplished with fulvic acid in the same way as was 

done with humic acid. Since the soil fulvic acid standard could only be purchased from 

IHSS at a definite amount (100 mg), extractions were only conducted with concentrations 

of 100 mgIL, 200 mgIL and 300 mgIL. 

As can be seen from Figure 4.12, the removal of zinc from each soil presented 

almost a linear increase with increasing fulvic acid concentration. The lowest removal 

efficiencies were observed for a fulvic acid concentration of 100 mg/L, which are about 

1 % for all of the soils. Increasing the concentration of fulvic acid to 20~ mg/L resulted in 

an insignificant increase in zinc removal for Fethiye Soil. A further increase to 300 mg/L 

fulvic acid concentration revealed to the highest removal efficiency, observed for the 

studied concentration range, of only 1.2 %. For Samsun Soil, on the other hand, a raise in 

fulvic acid concentration of 200 mg/L revealed an additional increase of only 0.3 %. A 

zinc removal efficiency of about 2.2 % was achieved when the fulvic acid concentration 

was increased from 100 mg/L to 300 mg/L. The removal of zinc from Izmir Soil was about 

2.5 % for a fulvic acid concentration of 200 mg/L. A further increase in concentration 

presented the highest removal efficiency, which was about 3.7 %. 

Among soils, zinc was most efficiently removed from Izmir Soil, followed by 

Samsun Soil. The removal of zinc from Fethiye Soil was occurring at least degree, almost 

independent from the fulvic acid concentration. 
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Figure 4.12. Removal of zinc with various fulvic acid concentrations. 

Fulvic acids are known to have more functional groups in comparison to humic 

acids. Vermeer and Koopal (1998) stated that the high o:c ratio of Laurentian fulvic acid 

indicated to a higher total acidity. Ephraim (1992) reported that fulvic acid can be 

characterized to have five predominant acidic sites with various dissociation constants and 

abundances. These acidic sites, their pKa values and the type of complexation with zinc 

can be seen in Table 4.9 below. 

Table 4.9. Predominant acid sites in BersOO FA, their envisaged complexes with Zn(II) and 

the literature complex formation constants (Ephraim, 1992). 

Acid site pK, Abumlance 

1.7 0.20 

II 3.3 0.25 

III 5.0 0.30 

:' .. ' 

IV 6.5 0.20 

V 7.0 0.05 
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Effect of pH on the Removal of Zinc: The pH of standard fulvic acid solutions were quite 

low (between 3 and 4) and decreased with increasing fulvic acid concentration. This was 

also reflected in the pH of fulvic acid soil suspensions. However, overall pH of soil 

suspensions in the fulvic acid extraction experiments were between 6.5 and 7.5, which is 

also not much different from those (pH = 7-8) in the humic acid extractions. The reason of 

this is the same buffering capacity of soils as explained before. Under these conditions, it 

can be assumed that most of the acidic sites of the fulvic acid molecules with the , 
exception of site V for suspension pH below 7, are deprotonated and thus in an active state. 

Dissociation of site V might be eliminated for the fulvic acid extraction of Fethiye and 

Izmir soils, since suspension pH of both were between 6.5-7, due to their relatively low 

buffering capacity and soil pH. If the participation of site V were that effective, decrease in 

the removal of zinc should have been observed for both soils, however low removal 

efficiencies were only obtained for Fethiye Soil, whereas fulvic acid extractions were 

highest for Izmir Soil. Thus, it seems that deprotonation of functional groups of fulvic acid 

are not the governing parameter in fulvic acid reaction, since it does not explain the 

differences in extraction efficiencies. 

The differences in zinc removal by humic acid extractions were attributed to the 

different humic acid adsorption behaviour of soils rather than the deprotonation of its 

functional groups. Unfortunately adsorption of fulvic acid to soils could not be carried out 

due to the reason explained before. Adsorption of humic substances on mineral surfaces 

was related to its aromatic carbon content, ole ratio and hydrophilicity. Petrovic et al. 

(1999) stated that adsorption of humic substances is increased with increased aromatic 

carbon content and decreased ole ratio and hydrophilicity. Kaiser and Guggenberger 

(2000), on the other hand, stated that hydrophobic dissolved organic matter (related to the 

aromatic carbon content) adsorbs strongly whereas hydrophilic fractions sorbs weakly. 

Since fulvic acid possesses a higher ole ratio and a more hydrophilic character, it is 

expected that fulvic acid molecules are less adsorbed on mineral surfaces than humic acid 

molecules. This was also presented by Vermeer et al. (1998). 

As mentioned before, adsorption of humic substances increases with decreasing 

pH. With increasing concentration the pH offulvic acid solutions decreased from 3.7 to 3.2 

whereas those of humic acid solutions illcreased from 10.3 to 10.7. This was related to the 
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differences in the solubility characteristics of both solutions; humic acid is soluble in 

alkaline solution whereas fulvic acid is soluble at any pH -therefore, humic acid solution 

was prepared in alkaline solution whereas fulvic acid was simply dissolved in 

distilledldeionised water. Variation in solution pH was also reflected in the suspension pH. 

However, overall pH of soil suspensions (PH = 6.5-7.5) in the fulvic acid extraction 

experiments were not much different from those (PH = 7-8) in the humic acid extractions 

as stated above. Under these conditions, adsorption of fulvic acid cannot be higher than 

that of humic acid and the low removal efficiencies in comparison to the efficiencies of 

humic acid can definitely not be related to adsorption of fulvic acid on soils. However, the 

order of extraction efficiency (Izmir Soil> Samsun Soil> Fethiye Soil) though can still be 

related to the differences in fulvic acid adsorption on soils, since adsorption is expected 

even at a lower degree. The adsorption behaviour of fulvic acid is supposed to be the same 

of humic acid, because the nature of mineral surfaces remain the same. 

The low extraction efficiencies could neither be related to the dissodation of 

functional groups nor to the suspension pH and adsorption behaviour of fulvic acid. In 

spite of the fact that fulvic acid contains higher amounts of functional groups, removal of 

zinc from greenhouse soils by fulvic acids is ahnost half of that of humic acid. Lastly it 

should be focused on the differences between the stability constants. Schnitzer and Skinner 

(1966) tried to determine the stability constant offulvic acid zinc complexes at pH 3.5 and 

5.0. The stability constant offulvic acid zinc complexes at these pH were found to be 1.73 

and 2.34, respectively. The stability constants of humic acid zinc complexes, at pH 3.5 and 

5.6, on the other hand, were found to be 4.42 and 6.18, respectively (Randhawa and 

Broadbent, 1965). As can be seen, the stability constants of fulvic acid zinc complexes are 

quite lower than the stability constants of humic acid zinc complexes. Schnitzer and 

Skinner (1966) conduded that not the number of bounds but strength of bonds is the 

parameter determining the magnitude of stability constants. This might be the reason of 

lower extraction efficiencies, in spite of the higher amount offunctional groups present. 
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4.3.2. Removal of Zinc with EDTA and DTPA 

4.3.2.1. Evaluation of Optimum Time for the Removal of Zinc with EDTA and DTPA: 

The equilibration time of EDT A extraction was initially determined by conducting the 

extraction experiments on treated samples ofFethiye Soil for times of5, 10,20,30,60 and 

120 min with an EDTA concentration of 0.01 M. The same procedure was performed for 

0.001 M DTPA for extraction times of 5, 15, 30, 60 and 120 min. Results show that an 

extraction time of 60 min was found to be sufficient to obtain a removal efficiency of 92 % 

for EDTA and 74 % for DTPA (Figure 4.13). Increasing the extraction time further to 120 

min did not affect the efficiency of EDT A and resulted only in additional increase of 

approximately 5 % in the efficiency of DTP A. Thus, the extraction time was determined to 

be 60 min throughout the extraction experiments. 
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Figure 4.13. Removal of zinc from Fethiye Soil by 0.01 M EDTA and 0.001 M DTPA with 

respect to time. 

The equilibrium of extraction was also very rapidly reached in the experiments 

conducted by Lo and Yang (1999). Generally, alxmt 90 % of zinc and copper were 

extracted with EDTA concentrations of 0.05 M or 0.1 MinIS min. In the extraction 

experiments performed by Hong et al. (1999) an extraction time of 4 h was used in the 

extractions of lead, cadmiUIll, copper and zinc with EDT A concentrations ranging between 
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0.003 M and 0.05 M. Much longer extraction times were reported for metal extractions 

from higher polluted soils (Yu and Klarup, 1994). Ghestem and Bermond (1998), on the 

other hand, reported that the chosen reaction time of 24 h was not enough to reach 

equilibrium of extracted zinc. Results of these studies point towards the importance of 

contaminant load and the EDT A concentration. 

4.3.2.2. Removal of Zinc from Greenhouse Soils with EDT A: The removal of zinc 

from soil samples was accomplished with various concentrations of EDT A ranging 

between 0.0001 M and 0.015 M; removal efficiencies are presented in Figure 4.14. For all 

soils the lowest removal efficiencies were obtained for the lowest EDTA concentration, 

which were 45 %, 39.7 % and 49.9 % for Fethiye, Samsun and Izmir soils, respectively. 

Among these the highest efficiency was observed for Izmir Soil, followed by Fethiye Soil. 

Increasing the concentration 10 times, from 0.0001 M to 0.001 M, resulted in an increase 

to 74 % for Fethiye Soil. An additional mcrease of about 10 % was observed when the 

EDTA concentration was raised to 0.005 M. With an EDTA concentration of 0.01 M, on 

the other hand, 92.5 % of zinc was extracted from the soil. When the EDT A concentration 

was increased to 0.015 M in order to see if a further elevation will be recorded, an 

additional increase of only 3.5 % was observed. For the Samsun Soil, a removal efficiency 

of 60.6 % was obtained when the EDTA concentration was increased to 0.001 M. Raising 

the concentration to 0.005 M resulted in an additional increase of about 29 %. On the other 

hand, zinc was removed from Samsun Soil about 98 % with an EDT A concentration of 

0.01 M. The removal of zinc from Izmir Soil with an EDTA concentration ofO.OOl M was 

about 89.4 %. Increasing the concentration 5 times, to 0.005 M, resulted in an additional 

increase of 18 %, reaching an efficiency of 107.5 %. Zinc was removed from soil about 

111 % when the concentration was further increased to 0.01 M. Extraction efficiencies , 
above 100 % for Izmir Soil may also be attributed to its relatively higher zinc content. 

Supplementary ei..'Pefiments revealed that 0.01 M EDTA was able to extract about 30 % of 

zinc present in natural (untreated) Izmir Soil. 

As can be seen from Figure 4.14, for all EDT A concentrations the highest removal 

efficiencies were recorded for Izmir Soil, which may be related to its low carbonate and 

elevated zinc content. linc was lowest removed from the Fethiye Soil for EDTA 
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concentrations above 0 005 M Fo 1 EDTA . . . . r ower concentratIons however ZInC removal , , 
from $amsun Soil revealed the lowest efficiencies. 
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Figure 4.14. Removal of zinc from soil with various concentrations ofEDTA. 

Similar results were obtained by Mobley (1988) who recovered 80 to more than 

95 % of cadmium, copper, nickel and zinc from a Lebanon silty soil containing 

contaminant levels of 100 to 300 mglkg. For soils with elevated contents of trace metals 

the efficiency of extractions is mostly reduced. Ghestem and Bermond (1998) reported a 

zinc removal efficiency of about 40 % for a soil with a zinc content of 1412 mg/kg, iron 

content of 20900 mg/kg and a lead content of 1120 mg/kg. They explained that the 

removal depends on pH, on the EDT A concentration and on the concentration of major 

cations. They concluded that the extraction of trace metals is governed by competitions 

with major cations when EDT A is not concentrated enough. 

The effect of EDT A concentration on zinc removal can be best interpreted in terms 

of the stoichiometric molar ratios between the EDT A concentration used and the zinc 

concentration in soil (EDT A/Zn, molarity of EDT A divided by molarity of Zn) and 

between the zinc concentration extracted and the EDT A concentration used (EDT A­

ZnlEDT A, molarity of extracted Zn divided by molarity of EDT A). Molar ratios can be 

seen in Table 4.10. Taking into account that EDTA and zinc form complexes at a ratio of 

1:1, EDTA/Zn ratios indicate that 0.0001 M EDTA reflects a lack of EDTA and 
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concentrations above 0.0001 M an excess of EDTA for all soils. Excess of EDTA above 

concentrations of 0.001 M was also defined by Ghestem and Bermond (1998). For all soils, 

the EDTAlZn ratio of 0.0001 M EDTA shows that zinc in soil is about twice as high as the 

EDT A present, meaning that EDT A can only extract half of the Zn bound to soil. 

Accordingly, the zinc removals found were approximately 45 %, 40 % and 50 % for 

Fethiye, Samsun and Izmir soils, respectively. The order of these removals can be quite 

well explained by the EDTA-ZnlEDTA ratios. From Table 4.10 it can be Seen that 86 %, 

76 % and 95 % of EDT A was used during the extraction of zinc from Fethiye, Samsun and 

Izmir soils, respectively, meaning that EDTA was most efficiently used for Izmir Soil and 

less efficiently for Fethiye Soil and especially Samsun Soil, thus reflecting the order of 

efficiencies. The reason of this is the presence of other cations in Fethiye and Samsun 

soils, like the relatively high copper content of Fethiye Soil and relatively high calcium 

content of Samsun Soil, which were leading to additional consumptions of EDT A. The 

same situation was observed for 0.001 M EDTA with the exception that EDTA was 

present in excess amounts. Removal efficiencies of about 75 %, 60 % and 89 % were 

achieved with consumptions of 13 %, 11 % and 16 % of EDT A for Fethiye, Samsun and 

Izmir soils, respectively. This order again represents the importance of copper content of 

Fethiye Soil and the calcium content of Samsun Soil under lower EDTA concentrations. 

On the other hand, about 3 %, 3.2 % and 3.9 % of 0.005 M EDTA was used for 85 %, 

89 % and 108 % removal of zinc from Fethiye, Samsun and Izmir soils, respectively. At 

this concentration the influence of these cations seems to diminish due to presence of 

excess EDTA. The diminishing influence of copper, iron and calcium can be better 

recognized from Table 4.11, which represents the EDTA-MeIEDTA molar ratios for 

copper, iron and calcium. The total of these molar ratios points toward the presence of 

excess EDTA, despite its consumption by copper, iron and calcium. For all greenhouse 

soils, these molar ratios also show that calcium consumed most of the EDT A, between 20 

and 36 %, followed by iron, which used about 2-3 % of EDT A. As expected, the highest 

fraction of EDT A consumed by calcium was observed for the Samsun Soil and the EDT A 

used by iron for the Fethiye and Izmir soils. The highest portion of EDTA consumed by 

copper was obtained for the Fethiye Soil. With further increase in the concentration of 

EDT A, the percentage of EDT A complexed with zinc decreased. Approximately 1.6 %, 

1.8 % and 2 % of 0.01 M EDTA was consumed for a zinc removal of 93 % 98 % and 

111 % from Fethiye, Samsun and Izmir Iloils, respectively. As can be recognized, the high 
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removal efficiencies observed for Izmir Soil was mainly related to the higher percentages 

of EDT A involved in the extractions. 

Table 4.10. Stoichiometric molar ratios between EDTA and zinc 

....... ~= ... 
Fetbiye Soil Samsun Soil Izmir Soil 

EDTAlZn EDTA-ZnlEDTA EDTAlZn EDTA ZnlEDTA EDTAlZn EDTA-Zn/EDTA 
O.OIM 56.69 0.016 55.22 0.018 55.14 0.020 
0.005M 28.38 0.030 27.61 0.032 27.55 0.039 

0.001 M 5.68 0.131 5.53 0.110 5.51 0.162 

0.0001 M 0.52 0.862 0.52 0.758 0.52 0.952 

Table 4.11. Stoichiometric molar ratios between 0.005 M EDTA and other cations present 

in soils 
~.--, -EDTA-ZnlEDTA EDTA-CulEDTA EDTA-Fe/EDTA EDTA-CalEDTA 

----------
Fethiye Soil 0.030 0.0053 0.032 0.202 

Samsun Soil 0.032 0.0004 0.019 0.365 

Izmir Soil 0.039 0.0011 0.029 0.282 
.. ~- ..,..;- __ ~ .. .,,:O,O 

""" 

The effect of EDT A concentration on the removal of trace elements like zinc, lead, 

cadmium and arsenic was also explained with their EDT Almetal molar ratios by 

Papassiopi et al. (1999). They stated that the metal extraction was seen to double when the 

operating concentration of EDT A was increased 10 times, i.e. from 0.025 to 0.25 M, and 

the corresponding EDTAImetal molar ratios from 2.3 to 23 mole/mole. The increase in 

EDTA resulted in an increase of zinc extraction from 20 to 45.4 %. Further analysis 

showed that the low efficiencies were related to the high consumption (89 %) of EDT A by 

calcium arising from the dissolution of CaC03 in calcareous soil. It was concluded that 

predictions for EDTA consumption must be based on the calcium content of the soil. 

4.3.2.3. Removal of Zinc from Greenhouse Soils with DTPA: The removal of zinc 

from soil samples was accomplished with DTPA solutions at concentrations ranging 

between 0.0001 M and 0.015 M. As can be seen from Figure 4.15, the lowest removal 

efficiencies were again obtained for the lowest DTPA concentration, which were 37.6 %, 
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56.4 % and 50.8 % for Fethiye, Samsun and Izmir soils, respectively. Increasing the DTP A 

concentration 10 times, from 0.0001 M to 0.001 M, resulted in an increase of almost 2 

times in the removal of zinc from Fethiye Soil, which was found to be 73.8 %. An 

additional increase of about 13 % was achieved for Fethiye Soil when the extraction was 

performed with 0.005 M DTPA. With a further increase in DTPA concentration to 0.01 M, 

an additional increase was not observed. Extraction with 0.015 M, on the other hand, 

revealed a further rise in removal efficiency approaching a value of95 %. For the Samsun 

Soil, a removal efficiency of 78 % was observed, when the DTPA concentration was 

increased to 0.001 M. Raising the concentration to 0.005 M resulted in an additional 

increase of about 20 %. More than 100 % of zinc was removed with a DTPA concentration 

of 0.01 M. The removal of zinc from Izmir Soil was above 100 % for DTPA 

concentrations above 0.001 M. For a concentration of 0.001 M a removal efficiency of 

101 % was obtained. An additional increase of 14 % was observed when the concentration 

was increased to G.005 M. A further increase in DTPA concentration to 0.01 M did not 

present an important increase in zinc removal. Efficiencies above 100 % may be again 

related to its higher zinc content. The extraction performed on natural (untreated) Izmir 

Soil with 0.005 M revealed that 34 % of zinc could be additionally removed. Thus, 

percentages above 100 % were achieved by extracting the zinc initially present in natural 

soils. 
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Figure 4.15. Removal ofZn from soil with various concentrations ofDTPA. 
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In general, the highest removal efficiencies were obtained for the Izmir Soil for 

DTPA concentrations above 0.001 M, followed by the Samsun Soil. Fethiye Soil, on the 

other hand, represented again the lowest removal efficiencies, as was encountered for the 

EDT A extractions. 

Since DTP A extractions are mostly accomplished as a mixture composed of 

0.005 M DTPA, 0.01 M TEA and 0.01 M eaCh (PH adjusted to 7.3), in order to determine 

the micronutrients available for the plant, many publications presenting only the efficiency 

of DTPA were not available except that of Davis and Singh (1995), who studied the 

washing of from a contaminated soil column. With a flow rate of 3 mL/min the zinc 

removal efficiency approached 90 % with 0.003 M DTP A, which is in accordance with the 

above presented results. 

Considering the variations in removal efficiencies achieved for each soil by 

different DTP A concentrations, a better interpretation could be made by exa.mining the 

stoichiometric molar ratios DTPNZn (molarity of DTPA divided by molarity of Zn) and 

DPTA-ZnlDPTA (molarity of extracted Zn divided by molarity of DPTA), Table 4.12. 

Taking into account that DTP A and zinc form complexes at a ratio of 1 : 1, DTP NZn ratios 

indicated that 0.0001 M represent again a lack of chelator and concentrations over 

0.0001 M an excess. Again at this concentration the DTPA present in suspension was 

approximately half that of zinc bound to soil for Samsun Soil and Izmir Soil and even less 

for Fethiye Soil. DTPA-ZnlDTPA ratio of Fethiye Soil implies that only 81 % of 0.0001 M 

DTPA was complexed with zinc yielding to a removal efficiency of only 38 %. On the 

other hand, almost all of DTP A was used to extract zinc from Izmir Soil. In the case of 

Samsun Soil some other factors increased the extracting effect of DTP A. This might be the 

release of soil organic matter due to higher suspension pH and organic matter content. The 

interaction of DTP A with soil organic matter has been previously reported by Falatah and 

Sheta (1999) and Szakova et al. (2000). The ability of DTP A to extract the fraction of 

metals complexed by organic matter was also stated by Ure (1996), Piccolo (1989) and 

McGrath (1996). Especially, an effect of calcium could not be noticed at this concentration 

and 0.001 M DTPA. For a concentration of 0.005 M, removal efficiencies of about 86.3 %, 

99.9 % and 115.4 % were achieved with a consumption of 3.7 %, 3.9 % and 4.5 % of 

DTPA for Fethiye, Samsun and Izmir soils, respectively. An influence of calcium was also 
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not recorded at this concentration, which can also be recognized from Table 4.13. The total 

of DTPA-MeIDTPA molar ratios reflects the presence of excess DTPA, despite its 

increased consumptions by calcium, iron and copper. As can be seen, for all soils calcium 

again used most of the DTP A, approaching 60 %, whereas iron utilized mostly 6 % of 

DTP A, which was observed for Fethiye and Izmir soils. As expected, DTP A mostly 

consumed by calcium was again obtained for Samsun Soil. As was also observed for the 

EDT A extractions, the higher removal efficiencies of Izmir Soil can be mainly related to 

the higher percentages of DTPA involved in the extractions. The low removal efficiencies 

recorded for Fethiye Soil, on the other hand, can be attributed to the lower amounts of 

DTPA used. 

Table 4.12. Stoichiometric molar ratios between DTPA and zinc 

Fetltiye Soil S~ Soil Iznrir Soil 
DTPNZn DTPA-ZnJDTPA DTPAlZn DTPA-ZnlDTPA DTPAlZn DTPA-ZnlDTPA 

"():OlM----.-.-46:Tl.----.----O:O~----·5~89-----··- 0.020 ---··--51:63--·----·----0~023----

0.005M 

0.001 M 

0.0001 M 

23.04 

4.62 

0.46 

0.037 

0.160 

0.813 

25.92 

5.17 

0.52 

0.039 

0.151 

1.099 

25.84 

5.16 

0.52 

0.045 

0.197 

0.980 

Table 4.13. Stoichiometric molar ratios between 0.005 M DTPA and other cations present 

in soils 
-DTP A-ZnJDTPA OTP A-CulDTPA DTPA-FelDTPA OTPA-CalDTPA 

Fethiye Soil 0.037 0.0055 0.059 0.235 

Samsun Soil 0.039 0.0007 0.036 0.612 

Izmir Soil 0,045 0,0015 0.059 0.368 
=-=== 

4.3.2.4. Effect of pH on the Removal of Zinc: For the interpretation of the reactivity 

of EDT A and DTPA, the parameters to be considered seem to be pH and concentration. As 

can be seen from Table 4.14 and Table 4.15, the pH ofDTPA solutions was lower for each 

t t · m' compans' on to EDT A solutions. The pH of both EDT A and DIP A concen ra Ion 

1 · d d as therr' concentration increased. Additionally, the pH of DTP A so utlons ecrease 

1 . 1 than the corresponding pH of EDTA solutions. Since pH adjustment so utlons were ower 
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was not performed, decline in pH of soil solution suspensions was also recorded for each 

soil with increase in EDT A and DTP A concentration. Again, pH of soil DTPA solution 

suspensions was lower than pH of soil EDTA solution suspensions. Recording the pH 

before and after the extraction showed that the pH of suspensions was altered by the 

natural acid-neutralizing capacity of soil. Generally, the pH of soil solution suspensions 

increased for all soils and EDT A and DTP A concentrations, after an hour of shaking. In 

both EDT A and DTP A extractions, the highest suspension pH were obtained for Samsun 

Soil, which has also the highest soil pH, and the lowest for Fethiye Soil, which has also the 

lowest soil pH. The results indicate that soil pH is another important parameter influencing 

the suspension pH. 

The influence of suspension pH on the removal of zinc from greenhouse soils was 

examined by conducting extraction experiments with distilled and deionised water, whose 

pH was adjusted to 2.4. A pH of 2.4 was chosen to reflect the conditions oflowest solution 

pH observed in the extraction experiments conducted with both EDTA and DTPA, which 

was the pH of 0.01 M DTPA. In order to provide the same pH range observed in the 

extractions with 0.01 M DTPA for each soil, pH adjustments were performed every 15 min 

with dilute HN03 solution. Thus the pH of distilled deionised water soil suspensions were 

retained about 2.86, 4.8 and 3.10 for Fethiye, Samsun and Izmir soils, respectively. The 

corresponding zinc removal efficiencies were found to be about 50 % for Fethiye and Izmir 

soils, and 21 % for Samsun Soil, showing that the highest contribution of pH to removal of 

zinc from soils was about 50 % for a pH of 3. Increasing the pH to about 5 reduced the 

contribution to about 20 %. Taking into account that such low pH « 3) were recorded only 

for a few experiments, it can be concluded that the contribution of suspension pH to the 

removal of zinc was only at reduced degrees. Additionally, the contribution of pH was 

more possible in the extraction experiments carried out with DTP A, since almost all of the 

experiments with EDT A had suspension pH > 5. The influence of pH > 6 will be more 

limited, being acceptable as insignificant. 
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Table 4.14. pH of EDT A solutions and soil suspensions 
----------___ a.=__ ____ _ 

Concentration EDT A Fethiye Soil Samsun Soil Izmir Soil 

--~--------.-----_ before after before after before after 
0.01 M 4.55 ---~~-~3-6--5 --- -----

.04 6.52 4.36 4.58 
0.005 M 4.65 4.32 4.54 6.15 6.95 4.60 5.10 
0.001 M 4.75 5.12 6.15 7.09 7.53 6.29 6.39 
0.0001 M 5.34 6.13 6.68 7.13 7.43 6.18 6.61 

~~ - "'",.,......,-
-~ .. ~ 

Table 4.15. pH ofDTPA solutions and soil suspensions 

Concentration DTPA Fethiye Soil Samsun Soil Izmir Soil 
before after before after before after -

0.01 M 2.40 2.58 2.81 3.80 4.89 2.81 3.04 

0.005 M 2.55 2.88 3.42 4.91 6.08 3.40 4.01 

0.001 M 3.01 * * 6.95 7.31 5.91 5.74 

0.0001 M 3.81 6.33 6.81 7.98 8.08 6.51 6.80 

*: not measured 

These suspension pH influence the distribution of EDT A and DTP A speCIes 

present during the extractions and thus the extraction efficiencies of ziIic from soils. The 

reactivity of EDT A and DTP A can be compared in this sense. Despite the fact that DTP A 

is known as a stronger complexing agent than EDT A in accordance to the number of 

functional groups (Finnen et al., 1991; and Piibil, 1972), its speciation under some pH 

conditions may cause to equivalent activity to that of EDT A. This situation was observed 

for Fethiye Soil for which some of the extraction efficiencies are nearly superimposed 

(Figure 4.16). The reason of close extraction efficiencies was the type of EDTA species 

(H4 Y, H3 ¥, H2 y2-, Hy3- and y4) and DTPA species (H5Z, RtZ-, H3Z
2-, H2Z

3lfZ4- and Z5) 

present at a specific concentration, Table 4.16. For example, the lower removal of zinc by 

0.01 M DTPA from Fethiye Soil was mainly due to the presence of a less active species 

(H.a) in solution in comparison to the more active species (H2 y2-) of EDT A. Lower 

removal efficiencies of DTP A were also resulting from lower amounts of species present 

in comparison to the species of EDTA with the same activity. Accordingly, a lower 

extraction efficiency was obtained for Fethiye Soil at a concentration of 0.0001 M, which 

was due to the lower amount ofH3Z
2
- present compared to H2y2-. On the other hand, close 
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results were due to the presence of species with similar activity, as was the case of Izmir 

Soil for which the zinc removal efficiencies were found to be close for an EDT A and 

DTPA concentration of 0.01 M. Additionally, the higher removal efficiencies of DTPA 

extractions were related to the amounts of DTPA species with higher activity present in 

suspension in comparison of those of EDT A, as was recorded for the removai of zinc from 

Samsun Soil with DTPA concentration of 0.005 M. 
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• Fethiye Soil-DTP A ~ 
20 • Samsun Soil-DTP A 
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0 0.005 0.01 0.015 

Chelator Concentration, M 

Figure 4.16. Comparison of extraction efficiencies of EDT A and DTPA. 

Table 4.16. Type of EDT A and DTPA species present at specific pH 

~-=== 

Concentration Fethiye Soil 

EDTA DTPA 

0.01 M IllzY1.· H~2"RtZ' 

0.005 M lBhy2. H3ZZ., H4Z' 

0.001 M H2y2-,~' 

-
Samsun Soil 

EDTA DTPA 
H y Z• iN3• z , H~2',H2Z3. 

H
2
Yz" HY3. H3Z

Z" HzZ3-

Hzy
2., HY3- HzZ\ HZ4-

Izmir Soil 

EDTA DTPA 
HzYZ-, ---'H

3
Zz-, H¥:' 

Hz y Z., HY" H3Z2., *H2Z
3• 

H2 Y Z', HY3• H3Z
2., H 2Z

3• 

H y Z. BY3. 8 2Z3-, HZ4- H2 YZ', HY3- H2Z\ ~ H2 y 2
., HY3- HzZ\ HZ4-0.0001 M 2, 

Note: from -ilie~fractio~t~f EDT A . and DTP A species graph presented in 

S . 23 1 1 't was determined that bold typed species are present in higher amounts ectlon .... I 

* amount ofHzZ3. was higher of that ofHy 3. 
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Explaining the variation between the extraction efficiencies encountered for 

Fethiye, Samsun and Izmir soils in relation to the types of species present seems to be 

rather a difficult task According to the types of species present, the extraction efficiency of 

both EDT A and DTPA should be higher for Samsun Soil than Izmir Soil, however a 

reverse situation can be seen in Figure 4.16. The reason of this may be the variation in 

elemental composition of each soil suspension. Especially, the high carbonate content of 

Samsun Soil appears to influence the extraction efficiency of both EDTA and DTPA. 

4.3.2.5 Effect of Zinc Load on the Removal Efficiency of EDT A and DTPA: Removal 

efficiencies of zinc extractions showed that 0.005 M could be accepted to be the optimum 

concentration for both EDT A and DTP A. The effect of zinc load on the extraction 

efficiencies of EDT A and DTP A was determined with experiments conducted on Fethiye 

Soil with this optimum concentration. As can be seen from Figure 4.17, increasing the zinc 

load of Fethiye Soil did not change the extraction efficiency of both EDTA and DTPA 

within this range. For each increase in zinc load it can be seen that the stoichiometric molar 

ratios between the Zn concentration extracted and the EDT A concentration used (EDT A­

ZnJEDTA) and between the Zn concentration extracted and the DTPA concentration used 

(DTPA-ZnlDTP A) increased, meaning that more and more EDT A and DTP A were needed 

to achieve the same efficiencies. Thus, it can be suggested that the conservation of same 

removal efficiency is a result of excess EDT A and DTP A. 

The experiments of Fethiye Soil also represent that at higher zinc load the 

extraction values of EDT A and DTP A are nearly superimposed. Since the species present 

at a concentration ofO.OOS M represent almost the same activity (Table 4.16), this can be 

explained in relation with the corresponding EDT A-ZnJEDT A and DTP A-ZnlDTPA molar 

ratios calculated separately for every zinc load. Generally, they imply that for a given zinc 

load, the molar ratio needed for a similar zinc removal is approximately the same for both 

EDT A and DTP A, also meaning that under these conditions approximately the same 

portion of EDT A and DTPA is consumed for the removal of zinc. 
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Figure 4.17. Effect of zinc load on the extraction efficiency of EDT A and DTP A. 

4.5. Distribution of Zinc to Soil Fractions 
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Metals in soils can be associated with various components: adsorbed on surfaces of 

clay minerals, iron and manganese oxyhydroxides; complexed with organic matter; present 

in lattice of secondary minerals like carbonates, phosphates, sulfates or oxides, etc.· 

Adsorption isothenns provide useful infurmation about the soil retention capacity; however 

this information is limited since it does not include the partitioning of metals with the soil 

constituents. Generally, to provide a deeper insight into the adsorption phenomenon and its 

environmental meaning, sequential extraction procedures are used. 

Sequential ex"tractions with selective extractants are applied to fractionate metals 

bound to different soil constituents and thus obtain information about their origin, 

bioavailability and potential mobilizability and tra.11Sport in the environment. Among the 

many sequential extraction procedures described (Shuman, 1985; Ure, 1996; Maiz et al., 

1997) the sequential extraction procedure developed by Tessier et ale (1979) is the most 

widely used speciation scheme reported in literature (Garcia Sanchez et al., 1999; Gomez 
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Ariza et al., 2000). As mentioned in Section 3.2.7, the procedure distributes the metals to 

five fractions: exchangeable, carbonate, iron and manganese oxide, organic and residual. 

The exchangeable (EXC) fraction includes metals which are bound via electrostatic 

interactions to the surface of clays, hydrated oxides of iron and manganese, humic acids, 

etc. and thus are easily exchanged under neutral pH. The carbonate (CAR) fraction 

includes metals associated with calcium and magnesium carbonates and are readily 

released with a decrease in medium pH. Iron and manganese oxides, which are present as a 

coating on clay particles, are excellent scavengers of metals. Metals, which are bound to 

these oxides, are represented by the third fraction (FelMnOx fraction). The organic (ORG) 

fraction includes metals that are bound to various forms of organic matter like living 

organisms, other nonhumified organic acids, humic and fulvic acids, etc. The last fraction 

includes metals, which are hold in crystal structures of primary and secondary minerals and 

refractory organic compounds which are not easily decomposable. These metals are not 

released into solution over a reasonable time span under natural conditions. Since these 

were also not released during the previous extraction steps of sequential extraction 

procedure they are termed as the residual (RES) fraction. 

Sequential extraction was carried out to gain information on the distribution of zinc 

in natural and treated soil samples, and to see from which fraction zinc has been removed 

by humic acid, EDT A and DTPA during extraction experiments. Since zinc removal by 

these chelating agents was performed on soils treated with 10 mgIL zinc, sequential ~ 

extraction experiments were also performed on soils treated with zinc at the same degree. 

To evaluate the accuracy of the sequential extraction procedure, the sum of each step was 

compared with the total zinc contents of soil (Lee and Touray, 1998). Generally, the sum 

of extraction steps was above total zinc contents, despite the corrections made for zinc 

contents of each extractant. The total of percentage zinc distributed to each fraction were 

mostly 106 ± 4 % of the total zinc contents. Much higher total distributed values were 

reported by Barona et al. (2001) who stated that the differences between the sum of each 

extraction step and total zinc content in soils were not greater than 17 %. Schramel et al. 

(2000), on the other hand, found the copper recovery rate of the whole sequential 

extraction procedure in relation to the total copper amounts determined by aqua regia 

digestion between 101 and 111 % indicating that for most sequential extraction procedures 

higher recovery rates were found for most metals. The total zinc contents of natural 
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greenhouse soils were found to be 55.5 mg/kg, 82.5 mg/kg and 178.5 mg/kg for Fethiye, 

Samsun and Izmir soils, respectively. 

4.5.1. Distribution of Zinc in Natural and Treated Greenhouse Soils 

The distribution of zinc in natural (untreated) and treated greenhouse soils was 

assessed. Since the distribution of zinc in soils can change depending on the zinc input, 

sequential extraction experiments were carried out for soils having both high and low zinc 

inputs. The effect of aging and the reaction time of zinc with soil on the distribution of zinc 

were also interpreted. Changes in the distribution of zinc in soils treated with humic acid, 

EDT A and DTP A were finally determined. 

4.5.1.1. Distribution of Zinc in Natural Greenhouse Soils and in Greenhouse Soils Having 

Low Zinc Input: Sequential extraction experiments were performed on natural 

(untreated) and treated greenhouse soils. By determining the distribution of the background 

zinc, it was possible to examine to which fractions zinc was adsorbed after treatment with 

10 mgIL zinc solution. The results of both sequential extraction experiments were 

presented as mg ZnJkg soil in Figure 4.18-4.20. 

As can be seen from Figure 4.18, the background zinc of Fethiye Soil was mainly 

present as the RES fraction and little more in the FelMnOx fraction. Zinc was not 

distributed to the EXC and CAR fractions and only to a negligible degree to the ORG 

fraction. Distribution of zinc after treatment with 10 mgIL mainly occurred to the 

FefMnOx fraction., increasing from about 35 mg/kg to 197 mg/kg, and to a lesser extent to 

the CAR and EXC fractions, approaching to 76 mg/kg and 48 mg/kg, respectively. 

Increase in zinc distributed to the RES fraction was not observed, however the amount of 

zinc bound to the ORG fraction increased from 3.6 to 6.4 mg/kg, even only composing a 

very small part of soil. 
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Figure 4.18. Distribution of zinc in natural and treated Fethiye Soil. 
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The background zinc in the Samsun Soil was mainly associated with the Fe/MnOx 

fraction and to a lesser extent with the RES fraction (Figure 4.19). Zinc in Samsun Soil 

was also bound to the CAR and ORG fractions at much lower amounts in comparison to 

the FelMnOx and RES fractions. The distribution of zinc in treated soils was mainly to the 

CAR fraction, increasing from 5 mg/kg to 184 mg/kg, and to the Fe/MnOx fraction, 

increasing from about 40 mg/kg to 123 mglkg. After treatment, the EXC and ORG. 

fractions increased to 21 mg/kg and 8 mg/kg, respectively. Any increase in the RES 

fraction was not observed. 

On the other hand, in the natural Izmir Soil (Figure 4.20), zinc was mainly present 

in the FelMnOx fraction, followed by the RES fraction. Zinc was also bound at much 

lesser amounts to the CAR and ORG fractions. After treatment with 10 mg/L zinc, the 

FelMnOx fraction continued to dominate by increasing to 222 mglkg zinc. In comparison, 

the CAR fraction increased to 154 mg/kg and the EXC fraction to 43 mglkg. Only a slight 

increase was observed in the RES fraction, whereas the change in ORG fraction was 

insignificant. Among soils, the highest amounts of zinc fractionated to the soil components 

were observed for the Izmir Soil, which was mainly related to its high background zinc 

content (three times more than that ofFethiye Soil and two times more than that ofSamsun 
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Soil). Thus, despite its low carbonate content, the amount of zinc associated with the 

carbonates was more than even that of Samsun Soil, which actually has the highest 

carbonate content. 
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Figure 4.19. Distribution of zinc in natural and treated Samsun Soil. 
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As a general view, sequential extraction of zinc in natural soils revealed that zinc 

was mainly bound to the FelMnOx and RES fractions of all soils. Li and Shuman (1996b) 

who used a different sequential procedure developed by Shuman (1985), found similar 

results for soils with different properties. It was concluded that when compared to natural 

soils, the metal-amended soils usually had a larger proportion in the exchangeable, organic 

and manganese oxide fractions, similar or less proportion in the iron oxide fractions and 

smaller proportion in the residual fraction. Results of Morera et al. (2001), on the other 

hand, presented that zinc was dominantly bound to the RES fraction of natural soils and 

lesser to FelMnOx fractions. 

Contribution of each fraction to zinc adsorption and the influence of different 

carbonate, iron and manganese oxide, organic matter and clay contents on variation in zinc 

fractionation among different soils were more apparent in treated soil samples. In 

Figure 4.21, zinc distributed to each fraction is represented as percentage of total zinc 

(mg Zn/kg soil associated with each fraction divided by the total mg Zn/kg soil), which 

changes according to the background zinc contents. Comparison of sequential extraction 

results as percentage values gives a better insight to the distnbution of zinc to the soil 

constituents in relative to each other. So, sometimes the amount of zinc as mglkg might be 

higher for specific soils but when the total bound zinc is considered -this amount might 

reveal lower percentage values, as for the FelMnOx :fraction of Izmir Soil; 221 mglkg 

resulted in a value of only 48 %, whereas for Fethiye Soil 197 mglkg resulted in a value of 

69 %. Thus, the difference between percentage values and mglkg values should be well 

recognized. 

From Figure 4.21 it can be seen that the distribution profile of zinc in Fethiye and 

Izmir soils is similar; in both soils zinc was preferentially adsorbed by iron and manganese 

oxides (> 48 %) and to a lesser extent bound to the exchangeable sites « 15 %) and 

carbonates « 34 %) of Fethiye and Izmir soils, indicating that the iron and manganese 

oxide contents of soils are relatively higher and/or that zinc is preferentially adsorbed by 

the iron and manganese oxides rather than complexed with the carbonates. Among soils, 

Fethiye Soil has the highest Fe203 content (Table 4.4), thus representing higher values in 

the Fe/MnOx fraction. Similar results were also obtained by Fanfani et al. (1997) who 

reported the distnbution of zinc, as percentage of total amount, to be 52 %, 24 % and 20 % 
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for the FeIMnOx, ORG and CAR fractions, respectively. Ma and Rao (1997) stated that the 

partitioning of zinc to iron and manganese oxides might be partially due to the high 

stability constants of zinc oxides, which was also supported by Ramos et al. (1994). For 

Samsun Soil the reverse situation was obtained; its relatively high carbonate content and 

relatively low Fe203 content resulted in higher amounts of zinc association with carbonates 

(- 51 %), thus exceeding the Fe/MnOx fraction (- 34 %). The influence of low Fe203 

content can be better recognized when the results are compared with the results of 

Theodoratos et al (1997), who carried out the same sequential extraction procedure on 

calcareous soils (18 % C03) and found the zinc distribution as Fe/MnOx fraction (53.9 %) 

> CAR fraction (29.5 %) > RES fraction (10.7 %) > ORG fraction (5.8 %) > EXC fraction 

(0.1 %). When only its high carbonate content is taken into account domination of zinc in 

CAR fraction could be expected, however the dominating fraction was Fe/MnOx fraction. 

The reason of this was the possible high Fe203 content coated on the high silt and clay 

fraction (75.6 %), thus depressing the domination of carbonate content. Results of a 

sequential extraction study of Lee and Tourney (1998) showed that zinc distnbution in a 

po lluted artificial roadside soil was mainly in the carbonate and slightly lesser in the 

Fe/MnOx fraction, which might be related to the relatively high calcite (between 5.75 and 

13.08 %) and lower clay contents. It was concluded that carbonates and Fe-hydroxides in 

roadside soil act as major scavengers of zinc. In a similar study -on roadside soils, 

Norrstrom and Jack (1998) reported that the oxide-bound fraction was greater than the 

other fractions in the roadside soil samples (42-77 %), except some soils from deeper 

layers where the residual fraction were of similar size. Morera et al. (2001) reported 

different zinc distributions for different soils amended with zinc, thus indirectly 

representing the influence of different carbonate, Fe/MnOx, organic matter and clay 

contents on zinc distnbution. Considering the organic fraction, it can be concluded that 

zinc was not preferentially bound to soil organic matter, which is already reported by 

various scientists (McGrath, 1996; Spark et al., 1997; AImas et ai., 2000). A recognizable 

increase in zinc amounts associated with the RES fraction was not observed in all treated 

soils, resulting in lower percentage values of total zinc contents. This also shows that zinc 

added to soils did not enter into the crystal lattice of layer silicates through isomorphous 

substitution as was proposed by Li and Shuman (1996b) but was distnbuted to the non­

residual fractions. 
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Figure 4.21. Distnbution of zinc in greenhouse soils treated with 10 mg/L zinc. 
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Considering that zinc was not associated with the exchangeable sites in all natural 

soils, the variation in zinc bound to exchangeable sites of treated soils should be explained 

by differentiations in type and amount of clays present in the three greenhouse soils 

(Table 4.3). The clay content of Fethiye Soil and Samsun Soil is almost twice as high as 

that of Izmir Soil. The effect of amount and type of clay on the distribution of zinc can be 

distinguished for Fethiye Soil. Its relatively high EXC fraction can be attributed to its high 

content of clay, which is determined to be present as mainly kaolinite and rarely smectite. 

Kaolinite represents non-specific interaction with metals, meaning that metals are bound to 

kaolinite with weaker electrostatic forces. The kaolinite content in Izmir Soil is about one 

third that of Fethiye Soil. Illite, which is a non-expandable 2: 1 type clay, contributes to the 

EXC fraction. The low EXC fraction of Samsun Soil seems to be related to the presence of 

low quantities of smectite and the absence of kaolinite. Smectite group clays are 

expandable 2:1 type clays mainly with high adsorption capacities via specific interactions. 

It should be kept in mind that exchangeable adsorption does not only occur on clay 

surfaces, but also on organic components, iron and manganese oxide and other soil 

constituents. However differentiation in relation to these components could not be assessed 

in the concept of this study. For Samsun Soil it can be suggested that zinc was more 
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complexed by carbonates than in Fethiye and Izmir soils. This was also approved by the 

results of soil analysis and X-ray diffractiometry (Table 4.4) representing quite high 

amounts of calcareous minerals, e.g. calcite and dolomite, in Samsun Soil. An interesting 

situation was observed for Izmir Soil, because of the high zinc distributed to CAR fraction, 

despite the low carbonate content determined with soil analysis; calcite and dolomite was 

even not detected by the X-ray diffractiometer; thus the reason could not be explained 

under the present conditions. For the distnoution of zinc in soils treated with 10 mgIL, the 

variation in Fe/MnOx fraction can be well explained by the Fe203 contents of soils. 

Fethiye Soil, which has the highest Fe203 content (10.2 %), represented a higher value for 

the Fe/MnOx fraction. The Fe/MnOx fraction of Samsun Soil and Izmir Soil were less in 

relation to their relatively lower Fe203 contents (6 % and 6.8 %, respectively). 

Generally, fractionation of zinc to constituents of soil, like carbonates, iron oxides, 

organic matter and clay was well related to their amounts present in soil. Li and Shuman 

(1996a) achieved this for soils taken from different depth of a soil profile and l'elated the 

variation in zinc distribution to the variation of individual constituents within soil profile. 

Influence of individual fractions on zinc distribution was quite good represented by 

calculation made by Lo and Yang (1999). Results showed that zinc in soils with higher 

carbonate content was more found in the CAR fraction, soils with higher Fe/MnOx content 

in the Fe/MnOx fraction and soils with quite higher organic content in the ORG fraction. 

4.5 .1.2. Distribution of Zinc in Aged Greenhouse Soils: After the introduction of 

heavy metals to the soil medium, metals are initially associated with various soil 

constituents, which are afterwards followed by a long-term process of redistnbution. Since 

the system tends to return to the chemical equilibrium within time, transformation of 

metals from one fraction to another fraction is likely to occur. 

In order to see if any transformation of zinc in treated greenhouse soils proceeds 

within time, sequential extraction experiments were conducted on samples, which were 

treated in the same way with 10 mgIL zinc and were aged in the refrigerator for two month. 

When the distribution of zinc in aged samples, presented in Figure 4.22, are compared with 

the normal zinc distributions in Figure 4.21, it can be stated that only slight changes were 
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observed in each fraction, from which most of them were accepted to be insignificant. The 

reason of this might be the reduced transformations of zinc in relation to the short time 

period, especially when considering that processes within soil medium proceed over a very 

long time. As a general view, it can be stated that zinc was mostly transferred from the 

FelMnOx fraction of both Fethiye and Izmir soils to mainly the EXC fraction. Zinc was 

also redistrIbuted to the CAR and ORG fractions, but at much lower degrees. Considering 

the FelMnOx fraction, it was stated that the lowered redox potential in soil, occurring 

within time, caused to the reduction of iron and manganese from their oxides consequently 

resulting in the redistribution of heavy metals among the solid-phase components (Han and 

Banin, 1999). Differently, redistnbution of zinc in Samsun Soil was not recognizable, 

except for the EXC fraction. Generally, for all soils, translocation of the zinc to the most 

stabile RES fraction did not occur within two months. Transformation from the soluble 

fraction (CAR and FefMnOx fractions) to the EXC fraction was reported for cadmium in a 

sandy soil by Mann and Ritchie (1994). Many other transformations were reported to occur 

from mainly the EXC fraction to fractions like ORG, CAR, FefMnOx or RES. McGrath 

and Cegarra (1992), for example found that nickel and zinc in the EXC and NaOH­

extractable fractions (mainly organically bound) and cadmium in the EXC fraction 

decreased and metals in the RES fraction increased. Soon (1994) reported the 

transformation of zinc from the EXC and ORG fractions to the hydrous-oxide associated 

fraction. All the different transformations seem to be mostly time dependent, since both 

examples were presenting the redistribution of heavy metals within a time period of over 

twenty years. Han and Banin (1999) stated that heavy metals are slowly transferred to the 

soil components and that the distribution is mainly dependent on the soil properties and the 

chemical nature of the metal. 

4.5.1.3. Distribution of Zinc in Greenhouse Soils Having High linc Input; 

In order to see if zinc was distributed differently in soils exposed to higher zinc 

concentrations, sequential extraction experiments were carried out on samples treated with 

500 mgIL zinc (Figure 4.23). When compared with the zinc distributions in Figure 4.21, it 

can be seen that zinc was predominantly bound to the EXC fraction rather than the 

FefMnOx and CAR fractions. In the Fethiye Soil, 71 % of the zinc was associated with the 

EXC fraction reflecting an increase of 57 %. The increase in zinc concentration from 10 to 
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500 mgIL did not display a significant change in the CAR fraction, which was found to be 

about 21 %. On the other hand, a tremendous decrease from 59 % to 14 %, was recorded 

for the zinc distributed to the FelMnOx fraction. The distribution of zinc in Samsun Soil 

was also found to be different; the amount of zinc adsorbed on the exchangeable sites 

increased from 6 % to 51 %, whereas zinc complexed with carbonates was reduced from 

51 % to 41 %. Zinc associated with the FelMnOx fraction was decreased from 34 % to 

10 %. Izmir Soil represented a similar distnbution pattern to that ofFethiye Soil. Zinc was 

mainly bound to the EXC fraction, with an additional increase from 9 % to 57 %. The 

change in the CAR fraction was found to be insignificant, representing a value of 31 %. On 

the other hand, the zinc in the FelMnOx fraction was reduced from 49 % to 15 %. For all 

soils, the ORG and RES fractions decreased to below 0.6 % and 1.2 %, respectively. 
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Figure 4.22. Distribution of zinc in aged greenhouse soils treated with 10 mgIL zinc. 

Actually the concentration of each fraction increased, except for the RES fraction. 

Since the amount of zinc retained by the soil increased as well, these increases did not 

always reflect an elevation in the percentage values, as was the case for some CAR, 

FelMnOx and ORG fractions. For example, the Fethiye and Izmir soils, site-specific co­

precipitation or disordered incorporation of zinc to the carbonates occurred almost at the 
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same degree of the increase in total zinc, thus not reflecting any decrease in percentage 

values. For the Samsun Soil, on the other hand, the increase in zinc complexed by the 

carbonates occurred at a lower degree, resulting in lower percentage values. 
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Figure 4.23. Distribution of zinc in greenhouse soils treated with 500 mg/L zinc. 

Generally, when both distribution pattern of zinc in greenhouse soils treated with 

two different concentrations are considered, it can be stated that the adsorption of zinc by 

soil constituents changes with the concentration of zinc. The results of sequential 

extraction experiments indicated that the sites of iron and manganese oxides and 

carbonates were of primary importance in the adsorption of zinc at lower concentrations. 

However, with increasing zinc concentration as the availability of sites with higher affinity, 

like sites of iron and manganese oxides, decreases, the importance of sites with lower 

affinity increases. Thus, with increasing zinc concentration, the distribution of zinc was 

mainly to the exchangeable sites, which are sites with lower affinity. Adsorption to these 

sites occurs via electrostatic interactions. 

These results are in consistency with the findings derived from the adsorption 

isotherms of greenhouse soils (Section 4.2.). As previously mentioned, for both Freundlich 
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and Langmuir equations, the data were resolved into two parts, indicating to the presence 

of more than two adsorption sites participating in the adsorption of zinc in soils. It was 

concluded that high affinity sites with higher bonding energies are occupied at lower 

concentrations, whereas at higher concentrations (Part 2) sites of lower affinity are also 

consumed. Sequential extraction experiments verified these findings by presenting the 

participation of at least two adsorption sites in the adsorption of zinc; sites available in iron 

and manganese oxides and calcareous minerals, the higher affinity sites wither higher 

binding energies, are predominantly occupied at lower metal concentrations, and the 

exchangeable site, the lower affinity sites with lower binding energies, at elevated 

concentrations. 
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Figure 4.24. Distribution of zinc in Samsun Soil treated with 500 mg/L zinc solution for 

different times. 

In order to see if adsorption of zinc to individual sites (soil fractions) changes with 

respect to reaction time, additional experiments were performed on samples of Samsun 

Soil treated with 500 mg/L zinc solution for 5, 240 and 1440 min. Samsun Soil was 

selected since its retention capacity is the highest among soils and at elevated zinc 

concentration adsorption still continues with a decreasing rate. As observed in the kinetic 
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study of 500 mgIL treatments, the percentage of zinc adsorbed increased from about 40 % 

to about 50 % in 240 min and to about 54 % in 1440 min. Results in Figure 4.24 display 

that the distribution of zinc to a particular fraction was not changing with reaction time. 

Despite the increasing amounts of extracted zinc with time, differences in partitioning to 

especially the exchangeable sites was not recognizable. Thus, binding of zinc to 

exchangeable sites occurred simultaneously with the iron and manganese oxides and 

carbonates, but with different rates. 

4.5.2. Distribution of Zinc in Greenhouse Soils After Treatment with Chelating 

Agents 

Sequential extraction experiments were also perfonned after zinc removal with 

humic acid (HA), EDT A and DTP A to see from which fraction zinc was preferentially 

taken. Results in Figure 4.25-4.27, displaying the per cent distribution of zinc, show the 

differences between the distribution of zinc in soils treated with 10 mgIL zinc (bars without 

pattern) and those after treatment with humic acid, EDT A and DTP A (bars with pattern). 

The abbreviations F, S and I in legends represent the F ethiye, SamsUn and Izmir soils, 

respectively. 

4.5.2.1. Distribution of Zinc in Greenhouse Soils After Treatment with Humic Acid: 

The removal of zinc from greenhouse soils by treatments with 300 mgIL humic acid was in 

accordance with the efficiencies previously presented in Section 4.3.1.2. However, when 

the distribution pattern of zinc in greenhouse soils after treatment with humic acid are 

compared with those without humic acid treatments (Figure 4.25), it can be recognized that 

the total of reductions in % distributed zinc values observed for each fraction (Table 4017) 

were slightly higher than the removal efficiencies achieved with 300 mgIL humic acid 

(5.3 %, 5.9 % and 6.5 % for Fethiye, Samsun and Izmir soils, respectively). 
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In general, most of the zinc was removed from the exchangeable fraction and to a 

lesser extent from the FefMnOx and RES fractions, indicating that weaker electrostatic 

interactions were easier overwhelmed by the ligand exchange reactions than the stronger 

specific interactions in the two other fractions. Zinc complexed as carbonates was not 

easily taken by humic acid, since the suspension pH (~7.5) was not favourable for the 

dissolution of carbonates. Removal from the ORG fraction did not occur, signifying that 

zinc was stronger bound to soil organic matter rather than the soluble humic acid. Based on 

the study on the influence of added humic substances on plant available heavy metals, 

Piccolo (1989) stated that native soil organic matter exerts a higher metal retention activity 

than the freshly added and highly reactive humic acid. It was concluded that this is most 

probably due to a stereochemical arrangement that humic substances assume when in 

contact with other soil constituents (e.g. clay minerals). This must create complexing sites, 

which have stronger affinity for metals in comparison to the functional groups of added 

humic acid alone. 
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Figure 4.25. Differences in the distribution of zinc in greenhouse soils after treatment with 

humic acid. 
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The reductions in each fraction resulting from the removal of zinc by humic acid 

can be seen in more detail in Table 4.17. The highest reduction in EXC fraction was 

observed for Fethiye Soil, which can be related to its high EXC fraction in comparison to 

the other soils. In the CAR fraction the highest reduction was obtained for Samsun Soil, 

which has a high carbonate content. Remembering that the Fe/MnOx fraction ofIzmir Soil 

was actually higher in mg/kg amount than in percentage values in comparison to the 

Fe/MnOx fractions of Fethiye and Samsun soils, the highest reduction in Fe/MnOx fraction 

of Izmir Soil seems to be logical. Reductions in the ORG and RES fractions seem to be 

insignificant for all soils. 

Table 4.17. Reductions in each fraction resulting from the removal of zinc by humic acid 

.- .,"'=;;:;: ~"' .. - ... --==-=" ..-- - - - - ===" -. ~""'" "''' 

Fractions, % EXC CAR FelMnOx ORG RES 
-------.-----~--

Fethiye Soil 5.77 0.90 1.70 0.07 0.5 

Samsun Soil 3.46 1.64 1.50 0.23 0.4 

Izmir Soil 4.79 1.40 2.79 0.06 0.6 
-~-. 

In general, the total of percentage reductions were highest for the Izrnir Soil and 

lowest for the Fethiye Soil, which is in accordance with the observed r.emoval efficiencies 

of soils. 

As explained in Section 4.3.1.2, the low removal efficiencies were attributed to 

adsorption of humic acid molecules either directly or as humic acid zinc complexes 

(bridged with divalent cations) on the mineral surface. However, since the distribution of 

zinc in soils after treatment with humic acid did not reveal a transfer from one fraction to 

other fractions, especially to the FelMnOx fraction, the subsequent adsorption of humic 

acid zinc complexes, after extraction with humic acid, on the Fe/MnOx and RES fractions 

(possible fractions favoured by adsorption mechanism of humic acid) seems not to be 

negligible. Thus, it can be concluded that removal of zinc by humic acid was mainly 

inhibited by its direct adsorption on soil mineral surfaces. 
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4.5.2.2. Distribution of Zinc in Greenhouse Soils After Treatment with EDTA: 

Zinc removal by EDTA was performed with a quite low concentration of 0.0001 M to 

ensure that zinc concentration of each sequential extraction step was in a detectable range. 

The removal of zinc by EDT A was lower for the sequential extraction experiments than for 

the single extraction experiments presented in Section 4.3.2.2. This might be attnbuted to 

the changes in shaking device (Rotator was used instead of a horizontal shaker) and 

experimental procedure (only 1 centrifuge tube was used), since the order of removal 

efficiency was the same as in the single extractions (Izmir Soil> Fethiye Soil> Samsun 

Soil for 0.0001 M EDTA). Zinc removal efficiencies decreased to 27 %, 13 % and 29 % 

for Fethiye, Samsun and Izmir soils, respectively. 

In contrast to the results of sequential extraction experiments of humic acid treated 

soils, results of sequential extraction experiments of EDT A treated soils show that zinc was 

mostly removed from the CAR fraction of all soils (Figure 4.26). Since the initial pH of 

soil suspensions were all above 6.2, it can be suggested that the affinity of EDTA towards 

carbonates is dominating rather than the dissolution of carbonates. Zinc was also removed 

quite efficiently from the FelMnOx fraction, which might be due to the high affinity of 

EDTA towards Fe3
+, resulting in more interactions with the FelMnOx fraction. Ability of 

EDTA to extract zinc bound to FelMnOx fraction was also mentioned by Lo and Yang 

(1999), however no explanation was stated. The quite low removal from the EXC fraction 

suggests that weaker electrostatic interactions are not that favourable by EDT A, but that 

special affinities towards Ca2
+ and Fe3

+ ions are more effective parameters to be 

considered. Papassiopi et af. (1999) and Ghestem and Bermond (1998) also mentioned the 

affinity of EDTA for Ca2
+ and Fe3

+. Removal from the RES and ORG fractions only 

occurred for Izmir Soil, which might be related to the high removal efficiency of EDT A for 

the Izmir Soil, which was due to the higher percentage of EDT A involved in the 

extractions (Section 4.3.2.2). According to Barona et af. (2001), EDTA is capable of 

extracting virtually all the metals in the EXC, CAR and ORG fractions. It was concluded 

that the distribution of zinc before and after EDT A extraction was likewise found to remain 

similar. In this study, a slight domination in percentage reduction was found in the CAR 

fraction, but this did not cause a great change in the distribution of zinc within fractions. 
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Figure 4.26. Differences in the distnbution of zinc in greenhouse soils after treatment with 

EDTA. 

In consistency with the removal efficiencies found for each soil, the highest 

reductions for each fraction were observed for Izmir Soil, which directly related to its 

higher zinc removal efficiency (Table 4.18). For the EDTA treatments with a concentration 

of 0.0001 M, the lowest zinc removal was observed for the Samsun Soil. The reason of this 

was attributed in Section 4.3.2.2 to the consumption of EDTA by carbonates during 

extraction. 

Table 4.18. Reductions in each fraction resulting from the removal of zinc by EDTA 

..... ----
Fractions, % EXC CAR FelMnOx ORG RES 

Fethiye Soil 3.04 10.95 7.06 

Samsun Soil 2.75 5.81 1.67 

Izmir Soil 5.01 13.62 7.09 0.17 2.01 
=~-~~..",... 
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4.5.2.3. Distribution of Zinc in Greenhouse Soils After Treatment with DTPA: 

Due to the same reasons stated for the EDT A experiments, zinc removal by DTP A was 

accomplished with the same concentration. Again, zinc removal efficiencies encountered 

by DTP A were lower for the sequential extraction experiments than for the single 

extraction experiments; they were between 33 % and 40 %. 

Similar to the results of sequential extraction of EDT A treated soils, zinc was 

mostly removed from the CAR fraction, followed by the Fe/MnOx fraction (Figure 4.27). 

Similarly, this can be explained by its higher affinity towards Ca2
+ and Fe3

+ ions, since 

DTP A is a similar chelating agent. Again, removal from the EXC fraction was quite lower 

in comparison to the CAR and Fe/MnOx fractions, supporting the explanation made for 

EDT A treated soils. Removal from the residual fraction occurred only for Izmir Soil, as 

can be seen in Table 4.19. In contrast to EDTA, DTPA also removed zinc to a minor 

degree from the ORG fraction of all three soils, showing some additional affinity to soil 

organic matter, which was also visually observed in the DTPA extraction experiments. The 

interaction of DTP A with soil organic matter has been previously reported by Falatah and 

Sheta (1999). Szakova et al. (2000) concluded that DTPA is able to release a part of the 

element fraction bound in Fe/MnOx and organic matter of soil sample. The ability of 

DTP A to extract the fraction of metals complexed by organic matter was also stated by Ure 

(1996), Piccolo (1989) and McGrath (1996). 

Besides their similar extraction behaviour, it can be concluded from Table 4.18 and 

Table 4.19, that the reduction in each fraction was higher for the DTPA treated soils. Since 

DTP A is a stronger chelating agent than EDT A, this was something expected. As can be 

seen from Table 4.19, the highest reduction in the EXC fraction was again observed for 

Izmir Soil. However, for the Fe/MnOx fraction the highest reduction was obtained for 

Fethiye Soil rather than for Izmir Soil. Actually, in soil samples extracted by EDTA the 

persentage reduction in the Fe/MnOx fraction was equally for Fethiye and Izmir soils 

(Table 4.18); thus it seems quite logical that an additional reduction in the Fe/MnOx 

fraction caused by DTP A has occurred in the fraction of Fethiye Soil. The reduction 

observed for the carbonate of Samsun Soil was the highest value, which could not be 

explained by the effect of pH. For the RES and ORG fractions the highest reductions were 

accomplished for Izmir Soil. 
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Figure 4.27. Differences in the distribution of zinc in greenhouse soils after treatment with 

EDTA. 

Table 4.19. Reductions in each fraction resulting from the removal of zinc by DTPA 

-
Fractions, % EXC CAR Fe/MnOx ORG RES 

F ethiye Soil 5.26 11.9 10.43 0.24 

Samsun Soil 4.57 21.66 4.76 0.19 

Izmir Soil 5.44 14 9.87 0.37 0.34 
--

In general, the total of percentage reductions were highest for the Samsun Soil and 

lowest for the Fethlye Soil, which is in consistence with the zinc removal efficiencies. 

4.5.3. Comparison of Sequential Extraction Experiments 

Below distributions of zinc in the greenhouse soils treated with 10 mgIL (treated), 

in the greenhouse soils after treatment with humic acid (HA ext), EDTA (EDTA ext), 
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DTPA (DTPA ext) are represented in the same figure to enable a better comparison. For all 

greenhouse soils it can be seen that the distribution pattern of zinc before and after 

treatment with humic acid, EDT A, DTPA remained similar. 

From Figure 4.28, it can be seen that zinc in Fethiye Soil continued to dominate 

mainly in the FelMnOx fraction. Zinc bound to the eAR fraction decreased to almost half 

of the % values of soils after treatment with EDT A and DTP A. The highest reduction in 

EXe fractions was observed for the humic acid treated soils (exceeding even that ofDTPA 

treated soils), thus representing that removal from EXe fraction was favoured by humic 

acid. 
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Figure 4.28. Comparison of zinc distribution in Fethiye Soil before and after treatment 

with chelating agents. 

On the other hand, for Samsun Soil zinc continued to dominate in the eAR and 

FelMnOx fractions (Figure 4.29). The highest reductions in both fractions were observed 

for soils treated with DTP A, which was also recognizable for the EXe fraction of Samsun 

Soil. The reduction in the EXe fraction resuhing from the treatment with humic acid can 

especially be recognized, when compared with the resuhs of EDT A treatments. 
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Differences occurring in ORG fraction by treatments with humic acid, EDT A and DTP A 

were found to be insignificant. 
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Figure 4.29. Comparison of zinc distribution in Samsun Soil before and after treatment 

with chelating agents. 

Similar to Fethiye Soil, zinc continued to dominate in the Fe/MnOx fraction, 

followed by the CAR fraction. The highest reduction in Fe/MnOx fraction occurred for 

DTPA treated soils, in the CAR fraction however for both EDT A and DTP A treated soils. 

From Figure 4.30, it can be recognized that the highest percentage zinc reduction in the 

EXC fraction was achieved by DTPA and not humic acid as wac; observed for Fethiye Soil. 

Generally, for all soils it can be seen that the reduction in zinc distnbution was 

lowest for the humic acid and highest for the DTP A treated soil samples. The different 

removal efficiencies observed for humic acid, EDT A and DTP A could be attributed to 

their chelating power. As explained before, EDT A and DTP A are both aminopoly­

carboxylic acids, having different number of coordinating groups. Since DTP A has three 

amine nitrogen and five carboxylic groups, one amine nitrogen and one carboxylic group 
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Figure 4.30. Comparison of zinc distribution in Izmir Soil before and after treatment with 

chelating agents. 

more than EDT A, it is a stronger complexing agent than EDT A; thus, representing higher 

affinity for zinc. Humic acid, on the other hand, has also many functional groups, mainly 

carboxylic and phenolic groups and therefore possesses the ability to complex with 

positively charged multivalent ions like zinc. However, despite the high number of 

functional groups present, the affinity of humic acid towards metals is less than EDT A and 

DTP A. The measure of affinity of a chelating agent for a specific metal ion is the 

logarithmic value of equilibrium constant K. Metal-chelate complexes which are more 

stable have higher stability constants (log K). Stability constants indicate also indirectly to 

the power of the complexing agent. Stability constants of EDT A, DTPA and humic acid 

are 16.50, 18.10 (Evangelou, 1998) and 6.80, respectively. Considering their stability 

constants, it can be concluded that the lower removal efficiencies of zinc from all 

greenhouse soils by humic acid was due to its low complexing capability for zinc than 

EDT A and especially DTP A. 
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5. CONCLUSION 

The interaction of heavy metals with soil and consequently their fate in the 

environment, which mainly depends on both the properties of soil and the contaminant, has 

received increasing interest. In this study, the interaction of zinc, a chemically stable metal 

showing only a single valence, with three different greenhouse soils, artificially 

contaminated to resemble soils contaminated by agricultural practices, was examined and 

its removal with alternative methods was evaluated. 

Three greenhouse soils, Fethiye, Samsun and Izmir soils, were taken from three 

different regions of Turkey; namely the Mediterranean region, Black Sea region and 

Aegean region, respectively. The characterization of soils revealed that Fethiye Soil is a 

soil with relatively high clay (mainly kaolinite) and iron oxide and low organic matter and 

carbonate contents, representing a low CEC. Samsun Soil wa~ identified as a soil with high 

clay ( smectite), carbonate and organic matter and low iron oxide contents, representing the 

highest CEC. Fethiye Soil, on the other hand, is a soil with high organic matter and low 

clay (mainly illite), iron oxide and carbonate contents, representing a moderate CEC. All 

greenhouse soils were classified as sandy loam with neutral to very slightly alkaline pH. 

The adsorption behaviour of zinc was presented by interpreting the adsorption 

process with isotherms kinetic studies and sequential fractionation. The adsorption of zinc 

in all greenhouse soils exhibited L-type isotherm with a high initial slope decreasing with 

increasing zinc concentration. The adsorption data were fitted into the Freundlich and 

Langmuir equations. For both equations the data were better explained when the data were 

resolved into two linear parts, differing in slopes. The KF values, calculated for the overall 

data or for both parts, increased for soils with higher pH and CEC. A direct relation of the 

KF values with the clay and organic matter content could not be established indicating to 

the importance of especially clay type. In general, the KF value was highest for Samsun and 

lowest for Fethiye soils. lin values were found to be less than unity « I), reflecting the 

decreasing affinity of surfaces for zinc. The KL value was found to be higher for the low 

concentration portion (Part 1) than for the high concentration portion (Part 2), suggesting 
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to the presence of two different adsorption sites, of which the high affinity sites with high 

binding energies were occupied at lower concentrations and the lower affinity sites with 

low binding energies were additionally consumed at higher concentrations. The M values, 

the adsorption maxima, which were higher for the second part, were in consistence with 

the highest qA value of isotherms. Kinetic studies, on the other hand, revealed that the 

initial adsorption of zinc was rapid especially for low concentrations. Adsorption of high 

zinc concentration exhibited a long-time tail denoting the declining trend in addition to the 

initial rapid zinc uptake. 

The removal of zinc from greenhouse soils was investigated with two different 

groups of chelating agents, naturally occurring humic and fulvic acids and artificially 

produced EDT A and DTP A. Experiments conducted for the removal of zinc from 

greenhouse soils with humic and fulvic solutions did not reveal results which were in 

accordance with the previously published statements indicating to the solubilisation of 

heavy metals like zinc, iron etc. from the soil minerals The reason of low removal 

efficiencies (maximum 8 %) despite of the high humic acid concentration (1000 mgfL) was 

interpreted by examining the effuct of pH on the speciation of functional groups of humic 

acid. Since for all soils, the pH of soil humic acid suspensions were ranging between 7 and 

8 (increasing with increasing humic acid concentration) only carboxylic type functional 

groups were dissociated and thus involved in the extraction of zinc from soils. 

Differentiation in the removal efficiencies observed for each soil could not be explained by 

the deprotonation of functional groups, as they were the same for each soil. Additionally, 

an experiment, which Was conducted at higher pH, enabling the involvement of both 

carboxylic and phenolic type functional groups, revealed only an additional increase in 

removal efficiency of about 2 %. Hence, neither the low removal efficiencies nor the 

variation in removal efficiencies of soils could be related to the soil suspension pH. The 

adsorption of humic acid on greenhouse soils was evaluated in order to see if the removal 

of zinc was hindered by the adsorption of humic acid. It was found out that the adsorption 

of humic acid increased with increasing humic acid concentration, exhibiting C-type 

isotherm. Humic acid was highest adsorbed by Fethiye Soil and lowest by Izmir Soil, 

which was mainly related to the organic matter, and iron oxide contents. It seemed as if the 

low removal efficiency of Fethiye Soil could be explained by its high humic acid 
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adsorption, and on the contrary, the high removal efficiency of Izmir Soil by its low humic 

acid adsorption. 

Zinc removal efficiencies observed by fulvic acid were also low « 4 %), despite its 

higher functional group content in comparison to humic acid. The highest removal 

efficiencies were obtained by Izmir Soil and lowest by Fethiye Soil. Evaluation of the 

influence of soils suspension pH on the dissociation of functional groups also did not 

reveal an explanation on the low removal efficiencies. Thus the low removal efficiencies of 

fulvic acid were attributed to its adsorption on zinc, as was the case of humic acid. Hence, 

it can be concluded that the reason of low removal efficiencies of natural chelating agents, 

humic and fulvic acids, can be attributed to the adsorption of humic and fulvic acids on soil 

minerals, thus limiting the formation of soluble humate zinc complexes 

The removal of zinc from greenhouse soils with EDT A was in consistency with the 

previously published results. Zinc removal efficiencies of DTP A, on the other hand, could 

not be compared with literature since no data were available. The removal of zinc 

increased with increasing EDT A and DTP A concentration, yielding efficiencies over 100 

%. In general, the removal efficiencies were quite well explained with the stoichiometric 

molar ratios, which displayed that the highest efficiencies observed for Izmir Soil were 

resulting from the higher percentage of EDT A and DTP A involved in the extractions. 

Consumption of EDT A and DTP A by other competing cations was also explained with the 

stoichiometric molar ratios, which represented that at especially lower concentrations the 

low removal efficiency of Fethiye and Samsun soils could be related to their higher copper 

and calcium contents, respectively. The influence of soil suspension pH was also 

investigated. Re:mlts show that the lower and higher efficiencies could be explained with 

the pH dependent speciations of EDT A and DTP A. Contribution of suspension pH to the 

removal efficiencies was determined to be higher for the zinc removal by high 

concentrations of DTPA. Additionally, increasing the zinc load of Fethiye Soil to about 

4500 mg/kg did not result in lower removal efficiencies of zinc due to the increasing 

percentage ofO.OOS M EDTA and DTPA involved in the extractions. 

The sequential extraction experiments conducted on natural greenhouse soils 

revealed that background zinc was mainly associated with the iron and manganese oxides 
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and the crystal structures of primary and secondary minerals and refractory organic 

compounds. Zinc, introduced into the soils at lower degrees (treatment with 10 mg/L zinc), 

was mainly adsorbed by the iron and manganese oxides and carbonates, and to a lesser 

extent to the exchangeable sites of soils. Variation in the distribution of zinc to the 

fractions in accordance with the different soils was well related to their iron and 

manganese oxide fraction. On the contrary, the carbonate fraction was dominating in the 

Sarnsun Soil, which was due to its high carbonate content. When the samples were aged 

for two months, the distribution of zinc to soil fractions was not found to be different. The 

distribution pattern changed when zinc was introduced to the soils at much higher levels 

(treatment with 500 rng/L zinc). For all soils, zinc was mainly associated with the 

exchangeable sites. The percentage of zinc adsorbed by the iron and manganese oxides, on 

the other hand, tremendously decreased, whereas complexation with the carbonates was 

not reduced, except for Sarnsun Soil. The change in the distribution pattern also indicated 

to the variation in domination of adsorption sites in relation to the introduced zinc amount. 

These results present that when soils are treated with lower zinc concentrations adsorption 

of zinc mainly occurs to the higher affinity sites, sites with higher binding energies like 

iron and manganese oxides and carbonates, and when treated with higher zinc 

concentrations on the lower affinity sites, sites with lower binding energies like 

exchangeable sites, thus verifying the findings derived from the adsorption isotherms. 

Additionally, the distribution of zinc in Sarnsun Soil did not change with respect to the 

reaction time of zinc with soil, suggesting that adsorption to individual soil fractions occurs 

at the same time but with different rates. 

Sequential extraction experiments conducted after the treatment with 300 rng/L 

hurnic acid, showed that zinc, even at a lower degree, was mainly removed from the 

exchangeable sites of soils, indicating that weaker electrostatic interactions were easier 

overwhelmed by the ligand exchange reactions than the stronger specific interactions in the 

two other fractions. Sequential extraction experiments conducted after the treatment with 

0.0001 M EDTA and DTPA, on the other hand, revealed that the zinc was mainly removed 

from the carbonates and iron and manganese oxides of soils, which was explained by the 

high affinity of both EDTA and DTPA to calcium and iron ions. Thereby, the interaction 

of zinc with the soils constituents could also be more comprehensive interpreted. 
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