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Abstract The reuse of waste materials as soil additives

could be a welcome development in soil remediation. The

mobility of Cd, Pb and As in a contaminated soil was

investigated using natural and calcined poultry wastes

(eggshell and chicken bone), CaCO3 and CaO at different

application rates (0, 1, 3 and 5 %). The chemical compo-

sition accompanied with mineralogical composition indi-

cated that CaCO3 and CaO were the major components in

natural and calcined eggshells, respectively, while hydro-

xyapatite (HAP) dominated the natural and calcined

chicken bones. The results showed that soil pH tended to

increase in response to increasing application rates of all

soil additives. The effectiveness of the additives in reduc-

ing Cd, Pb and As mobility was assessed by means of

chemical extractions with 0.1 N HCl for Cd and Pb or 1 N

HCl for As, according to Korean Standard Test (KST)

method. Both calcined eggshell and chicken bone were

equally effective with CaO or CaCO3 in reducing the con-

centration of 0.1 N HCl-extractable Cd from 6.17 mg kg-1

to below warning level of 1.5 mg kg-1, especially at the

highest application rate. The application of calcined egg-

shell, CaO and CaCO3 also decreased the concentration of

0.1 N HCl-extractable Pb from 1,012 mg kg-1 to below

warning level of 100 mg kg-1. The Pb concentration

decreased significantly with an increasing application rate

of chicken bone, but remained above warning level even at

the highest application rate. On the contrary, natural and

calcined chicken bones led to a significant increase in the

mobility of As when compared with the control soil. These

findings illustrate that calcined eggshell in particular is

equally effective as pure chemical additives in stabilizing

Cd and Pb in a contaminated agricultural soil. The presence

of As in metal-contaminated soils should be taken into

consideration when applying phosphate-containing mate-

rials as soil additives, because phosphate can compete with

arsenate on adsorption sites and result in As mobilization.

Keywords Waste recycling � Eggshell � Chicken bone �
Soil additives � Lead � Immobilization

Introduction

Over the past several decades, industrial development

throughout the world has resulted in the contamination of

soil with heavy metals (Chen et al. 2000); in particular,

mining and metallurgical industrial wastes which when

dumped inevitably result in soil contamination (Reglero

et al. 2008; Zhang et al. 2008). These metal-contaminated

soils pose a risk to humans, animals and agricultural crops

(Boularbah et al. 2006; Ok et al. 2007; Usman et al. 2012).

In Korea, there are around 2,500 mines including 900

metallic mines (MOE 2005). More than 80 % of these

mines are abandoned, with the ore reserves containing

toxic metals such as Cd, Cu, Pb and Zn (Lee et al. 2011).

Because of their acidic nature (pH \ 4.0), the mine wastes

are easily dispersed into the surrounding areas by flowing

water and blowing wind. Therefore, nearby agricultural

land is reported to be contaminated with heavy metals

(Jung 2008; Ok et al. 2011a; Yang et al. 2008).
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Various ex situ and in situ remediation technologies have

been employed to reduce the risk arising from metal-con-

taminated soils (Ok et al. 2011b, c; Usman et al. 2004, 2005).

Recently, the advantages of the in situ methods have over-

come vulnerable points of the ex situ remediation technol-

ogies (De Kreuk 2005). In situ immobilization using

chemical additives is a promising technology to remediate

heavy metals in agricultural soils and to alleviate environ-

mental and health risks (Ok et al. 2011a; Usman et al. 2006).

In situ immobilization of metals can be achieved via the

application of additives to the soil. The additives react with

the contaminants and render them immobile or less avail-

able, eventually reducing plant uptake and groundwater

contamination (Boisson et al. 1999a, b; Ok et al. 2011a).

However, the formation of undesirable by-products should

be avoided during the immobilization of heavy metals by soil

additives. Therefore, the choice of the additive is a critical

concern (Waterlot et al. 2010). Many additives, including

natural or synthetic and organic or inorganic additives, have

often been investigated for the in situ remediation of heavy

metals in the contaminated soils (Geebelen et al. 2002;

Kosobucki et al. 2008; Lee et al. 2008; O’Dell et al. 2007; Ok

et al. 2010, 2011d; Singh et al. 2008; Usman et al. 2006).

Naturally occurring waste materials were recently assessed

for their immobilizing capacity. For example, waste egg-

shells (Ahmad et al. 2012a; Ok et al. 2011b), waste oyster

shells (Ok et al. 2010), cow bones (Ahmad et al. 2012b),

mussel shells (Ahmad et al. 2012c) and poultry waste

materials (Hashimoto et al. 2008) have been successfully

employed in immobilizing heavy metals in contaminated

soils.

Calcination is the process by which a material can be

upgraded by the transformation of one solid phase to

another. The process takes place at or above the thermal

decomposition temperature of the material (Ok et al. 2010).

The main purpose of calcination is to eliminate water and

organic matter, with the process generally taking place

between 100 and 1,000 �C (Ozer et al. 2006). Some

researchers used calcined materials such as calcined

phosphate (Aklil et al. 2004), calcined eggshell (Ahmad

et al. 2012a; Park et al. 2007) and calcined clay (Vieira

et al. 2010) to remove heavy metals from the water and

wastewater (Ahmad et al. 2012d). However, little infor-

mation is available on the use of calcined materials for

stabilizing heavy metals in contaminated soil. In a study by

Ok et al. (2010), the authors showed that both natural and

calcined oyster shells can be used as immobilizing sub-

stances for the remediation of metal-contaminated soil. The

findings also showed that calcined oyster shells were more

effective for immobilizing heavy metals in a contaminated

soil than natural oyster shells. Other amendments such as

phosphorus (P)-containing minerals are also known to

decrease the availability of toxic metals to plants, animals

and humans (Cui et al. 2010; Khan and Jones 2008; Park

et al. 2001). In particular, the ability of bone meal, which is

rich in P, to immobilize metals in soil through the forma-

tion of low-solubility metal phosphates has been evaluated

by several authors (Hodson et al. 2000; Sneddon et al.

2006). To the author’s knowledge, however, no studies

have been conducted to evaluate the use of waste chicken

bone for the remediation of soils contaminated with heavy

metals. In this study, the abilities of natural and calcined

poultry wastes (eggshell and chicken bone) to reduce heavy

metal mobility in a contaminated soil are compared.

The hypothesis is that the reuse of waste materials in a

beneficial way may lead to the development of an envi-

ronment-friendly soil remediation technology. Therefore,

this study was conducted to evaluate the effectiveness of

natural and calcined poultry wastes (eggshell and chicken

bone) on the mobility of Cd, Pb and As in contaminated

agricultural soil near a mining site.

Materials and methods

Soil sampling and analysis

Soil was collected from an agricultural land near the closed

Seoseong mine in Chungnam Province, South Korea. The

soil samples were air dried and sieved (\2.0 mm). The soil

texture was determined by the hydrometer method (Gee and

Bauder 1986). The soil pH and electrical conductivity (EC)

were measured using a glass electrode at a soil-to-water ratio

of 1:5. The cation exchangeable capacity (CEC) was calcu-

lated from exchangeable cations (Ca, Mg, Na and K)

extracted with 1 M ammonium acetate, following the Brown

method (NIAST 2000). The soil organic matter was analyzed

with the Walkley–Black method (Walkley and Black 1934).

The total content of Cd, Pb and As was determined by an

aqua-regia extraction (MOE 2009). Heavy metal concen-

trations were analyzed using an atomic-absorption spec-

trometry (AAS, AAnalyst 700, Perkin Elmer, USA).

Poultry waste as a soil additive

Waste eggshells and chicken bone were processed to pro-

duce powders for use as soil additives. Waste eggshells

were collected from a local restaurant, while chicken bone

were obtained from Wonju City in the southwest of

Gangwon Province. Waste materials were washed several

times with hot water, then subsequently dried at 100 �C for

72 h and ground to pass through a 1-mm sieve. Portions of

the eggshell and chicken bone powders were calcined at

900 �C for 4 h in a furnace (Ok et al. 2010). The prepared

soil additives were then stored in airtight containers for

further study.
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The thermal stability of the eggshell and chicken bone

powders was evaluated by a thermo gravimetric analyzer

(TGA, SDT Q600, TA Instruments, USA) to determine the

weight loss during the calcination process. The elemental

composition of the soil additives was determined by X-ray

fluorescence (XRF-1700, Shimadzu, Japan) spectroscopy.

X-ray diffraction (XRD) patterns were obtained using an

XRD spectrometer (X’pert PRO MPD, PANalytical,

Netherlands) to evaluate the mineralogical composition of

the soil additives. Surface structure analyses of the soil

additives were then performed using a scanning electron

microscopy (SEM, S-4300, Hitachi, Japan).

Incubation experiment

The contaminated agricultural soil was treated with the

prepared soil additives in an incubation experiment. Nat-

ural and calcined poultry wastes (eggshell and chicken

bone), CaCO3 and CaO were mixed with 100 g of the air-

dried contaminated soil in a sealed plastic container at

0 % (control), 1, 3 and 5 % by weight. Deionized water

was then added based on the 70 % water holding capacity

of the soil, with the moisture content being maintained by

periodically measuring the weight loss. The soil was

incubated for 30 days, after which the air-dried treated

soil samples were analyzed for pH and Cd, Pb and As

concentrations. The soil pH was measured using a 1:5

soil/water ratio. The Korean Standard Test (KST) method

was employed to assess the mobility of Cd, Pb and As in

the treated soil. The KST method is proposed for soils

contaminated with Cd, Cu, Pb and As (Lim et al. 2009). In

order to detect the contaminant concentrations, 10 g of

each soil sample was reacted with 50 mL of 0.1 N HCl

(for Cd and Pb) by shaking at 100 rpm for 1 h, and 1 N

HCl (for As) by shaking at 100 rpm for 30 min. The

suspension was then centrifuged at 3,200 rpm for 20 min

and the supernatant was filtered through Whatman No. 42

filter paper. The filtered solution was finally analyzed for

Cd and Pb concentrations using an atomic-absorption

spectrometer.

Statistical analysis

All of the treatments were undertaken in triplicate with the

Statistical Analysis System (SAS 9.1 TS Level 1M3)

software being used for the statistical analysis. One-way

ANOVA was applied using Tukey’s honestly significant

difference (HSD) studentized range test to determine any

significant differences among different means of the

treatments at p \ 0.05. Pearson’s correlation coefficients

between the different variables were also calculated.

Results and discussion

Soil characterization

The selected physico-chemical properties of the contami-

nated soil are shown in Table 1. The texture of the soil

samples used in the experiment was loam, with a slightly

acidic soil pH of 6.21. The organic matter content and CEC

of the soil sample were 38.69 g kg-1 and 15.11 cmol(?)

kg-1, respectively. The total content of heavy metals

digested by the aqua-regia extraction was 15.27 mg kg-1

for Cd, 1,233 mg kg-1 for Pb and 119.82 mg kg-1 for As,

which are 3.8, 6.2 and 4.8 times higher than the Korean

warning levels of 4, 200 and 25 mg kg-1 respectively.

Effects of calcination on poultry waste characteristics

Waste eggshell and chicken bone powders were incinerated

at high temperature to convert them from the less reactive

CaCO3 to the more reactive CaO form (Ok et al. 2010).

The calcination process can be explained by the following

reaction:

CaCO3 ! CaO + CO2; 600� 800 �C:

Transitional changes during calcination, which were

associated with the weight loss of eggshell and chicken

bone, were measured using TGA and are shown in Fig. 1.

Normal and derivative weight loss curves were drawn to

identify the decomposition of the organic and inorganic

components in the materials (Fig. 1). The TGA curve for

eggshell showed a transitional change at about 650–850 �C,

corresponding to the decomposition temperature of CaCO3.

A weight loss of 45.6 % was observed at 789 �C due to the

removal of the CO2 gas from CaCO3. Above 800 �C, no

change in weight loss was observed, indicating that the

calcination of eggshell had been completed at this

temperature according to the above reaction. The results

are consistent with that of Park et al. (2007) who reported the

complete calcination of eggshell at 770 �C.

In the case of chicken bone, however, the thermal cal-

cination process was more complex and had various phase

changes. At around 50–250 �C, there was a decrease in

weight due to the loss of water and from 250 to 600 �C the

weight loss was associated with the thermal decomposition

of organic matter. Above 600 �C, decomposition of the

carbonate resulted in a weight loss of chicken bone. Almost

similar phase changes were observed by the TGA analysis

in other studies using pig bone (Raja et al. 2009), human

femur bone (Lim 1975) and chicken bone (Park et al. 2001;

Phiraphinyo et al. 2005).
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Variations in the calcination processes of eggshell and

chicken bone can be explained by their different compo-

sitions. The eggshell mainly comprised CaCO3 (Ok et al.

2011b), which can be deduced from the single phase

change in terms of carbonate decomposition. The chicken

bone, however, containing organic matter and calcium

phosphate showed three phase changes due to water loss,

organic matter and carbonate decomposition (Phiraphinyo

et al. 2005). These results are supported by the XRF ele-

mental analyses (Table 2) presenting CaO as the major

component (93.23 %) in calcined eggshell, whereas

besides CaO (80.21 %) and P2O5 (13.76 %) were also

observed in the calcined chicken bone.

It was found that the loss on ignition (LOI) for calcined

chicken bone (0.89 %) was high when compared with

calcined eggshell (0.62 %), which indicates the presence of

higher water content and organic matter composition

resulting in different phase changes during the calcination

process (Ok et al. 2010). The mineralogical composition of

natural and calcined poultry waste (eggshell and chicken

bone) is shown in Fig. 2 as XRD spectra. The primary

minerals predicted in the natural and calcined eggshells

were calcite (CaCO3) and calcium oxide (CaO), as indi-

cated by the main peaks observed at 29.5 and 37.3 two h
degrees, respectively. However, the primary mineral pre-

dicted in the poultry waste of the chicken bone was

hydroxyapatite (HAP), as indicated by the peak observed at

31.7 two h degrees. The chemical composition, accompa-

nied by the mineralogical composition revealed that CaO

was the major compound found in calcined eggshell, while

HAP dominated calcined chicken bone.

Soil pH as affected by the natural and calcined soil

additives

It is well known that the soil pH is the main factor that

affects soil chemical processes (Jung et al. 2011). At low

soil pH, the solubility of heavy metals is increased and

thus can have adverse effects on plant growth. The results

showed that the soil additives affected the soil pH after

an incubation period of 30 days (Table 3). It was noted

that the soil pH increased in response to increasing

application rates of all of the soil additives. In general,

the largest increase in the soil pH was found for the soil

receiving the highest application rate (5 %). The soil pH

increased significantly from 6.52 in the control soil to

8.47, 12.54, 8.04, 12.51, 7.90 and 7.99 in the soil treated

with the highest application rate of CaCO3, CaO, natural

eggshell, calcined eggshell, natural chicken bone and

calcined chicken bone, respectively. In general, the soil

pH of the liming additives (natural and calcined egg-

shells) was higher than that of the control and chicken

bone additives.

The largest increase in soil pH was observed for the CaO

and calcined eggshell treatments with pH values of 12.54

and 12.51, respectively, at 5 % application rate. These

increases in the soil pH are mainly due to the release of two

hydroxyl (OH-) ions for each oxide of Ca in CaO and

calcined eggshell according to the following chemical

reaction (Ok et al. 2010):
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Fig. 1 Thermogravimetric analysis of: a eggshell; b chicken bone

Table 1 Selected physico-chemical properties of the soil

Texture pH (H2O) ECa (dS m-1) CECb (cmol(?) kg-1) OMc (g kg-1) Total Cd (mg kg-1) Total Pb (mg kg-1) Total As (mg kg-1)

Loam 6.21 0.22 15.11 38.69 15.27 1,233 119.82

a Electrical conductivity
b Cation exchange capacity
c Organic matter
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CaO + H2O! Ca2þ + 2OH�:

The increase in soil pH caused by the calcined eggshell

additive can be explained by the presence of calcium oxide as

the dominant compound in calcined eggshells. In a previous

study, similar effects on soil pH were also observed in the soil

treated with calcined oyster shell powder (Ok et al. 2010).

The increase in the soil pH resulting from the natural eggshell

treatment could be ascribed to the dissolution of CaCO3 in

water, leading to the production of hydroxyl ions (OH-)

according to the following chemical reaction (Ok et al.

2010):

CaCO3 + H2O! Ca2þ + HCO�3 + OH�:

Ca2? displaces H? and Al3? on exchange sites where

OH- neutralizes the H? in the soil solution. Natural and

calcined chicken bones increased the soil pH to a

maximum value of 7.90 and 7.99 at 5 % application rate,

respectively. The liming action of the chicken bone

containing HAP may be due to the presence of free

CaCO3 as an impurity and to the fact that HAP consumes

H? in the dissolution process, reducing soil acidity (Shellis

et al. 2010). The lower increase in soil pH noted for

chicken bone was attributed to the association of Ca with

phosphate as HAP [Ca5(PO4)3OH] rather than to CaO.

It is suggested that caution be exercised while using

calcined eggshells as a soil additive as the high pH induced

by the calcined eggshell may cause negative impacts on

soil nutrient availability to agricultural crops. However, it

is thought that the soil pH may decrease under field con-

ditions with continuous cropping due to various factors,

including crop removal, leaching of basic cations, appli-

cation of ammonia-based nitrogen fertilizers and organic

matter decomposition (Tang et al. 1999; Yang et al. 2009).

Metal mobility as affected by soil additives

Lime and phosphate minerals are well-known immobilizers

that decrease the availability of toxic metals to plants,

animals and humans. However, little information is avail-

able on the use of calcined waste materials to immobilize

heavy metals in contaminated soils. In the current study,

the effectiveness of natural and calcined poultry wastes in

reducing Cd, Pb and As mobility was assessed by means of

chemical extractions with 0.1 N HCl for Cd and Pb and

1 N HCl for As. Many investigators reported that diluted

HCl extraction could be employed to determine the

mobility and potential availability of heavy metals to plants

(Lu and Bai 2009; Ok et al. 2010, 2011b).

Cd mobility

The mobile Cd concentrations extracted by 0.1 N HCl in

response to soil additives are shown in Table 3. The con-

centration of 0.1 N HCl-extractable Cd in untreated soil

(6.17 mg kg-1) was four times greater than the Korean

warning standard level of 1.5 mg kg-1 (Ok et al. 2011b).

Thus, these findings suggest that Cd can be easily mobilized
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Fig. 2 XRD pattern of ES (eggshell), CES (calcined eggshell), CB

(chicken bone) and CCB (calcined chicken bone). CO calcium oxide,

CC calcite, HAP hydroxyapatite

Table 2 Elemental composition (wt%) of natural and calcined egg-

shell and chicken bone

Component Eggshell Chicken bone

Natural Calcined Natural Calcined

CaO 39.67 93.23 64.00 80.21

MgO 6.79 5.07 0.66 2.71

P2O5 0.33 0.20 27.00 13.76

K2O 0.07 0.13 1.34 1.53

SiO2 0.13 0.16 0.12 0.19

Fe2O3 0.04 0.07 0.18 0.43

Na2O 0.51 0.05 1.55 0.07

TiO2 0.00 0.03 0.00 0.04

MnO 0.00 0.02 0.00 0.03

Al2O3 0.14 0.02 0.11 0.01

LOIa 52.32 0.62 4.92 0.89

Total 100.00 99.61 99.88 99.88

a Loss on ignition
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and poses a potential threat to the environment. The results

showed that all soil additives effectively reduced the con-

centration of 0.1 N HCl-extractable Cd below the warning

level, with increasing effectiveness by increasing applica-

tion rate. The concentration of 0.1 N HCl-extractable Cd

was reduced by 8.25, 9.80, 7.93, 12.07, 4.24 and 7.86 % in

soil treated with a 1 % application rate of CaCO3, CaO,

natural eggshell, calcined eggshell, natural chicken bone

and calcined chicken bone, respectively (Fig. 3a). How-

ever, a 5 % application rate of these treatments led to

significant reductions in the 0.1 N HCl-extractable Cd,

with reductions of 90.72, 99.90, 16.11, 99.95, 11.69 and

98.15 %, respectively, when compared with the control.

These reductions in Cd mobility are assumed to be related

to the chemical immobilization action of the soil additives.

Cadmium may be adsorbed by soil colloids and may be

precipitated as Cd-carbonate, phosphate or hydroxide,

leading to its reduced mobility (McLean and Bledsoe

1992). Cadmium sorption depends on factors such as the

pH, CEC, organic matter and the total soil Cd. In the

current study, the increased soil pH induced by the soil

additives is thought to be the main cause of the decreasing

extractability of Cd as a result of its precipitation as car-

bonate or hydroxide. Additionally, the presence of phos-

phate in chicken bone additives could result in the

precipitation of Cd as phosphate. A large number of studies

have been conducted on the interaction of phosphate and

Cd (Middelburg and Comans 1991; Yu and Zhou 2009).

With bone meal treatments, Sneddon et al. (2006) found a

significant decrease in Cd release from the soil. Fayiga

et al. (2006) also observed that the application of phosphate

rock was effective in decreasing the Cd uptake by Pteris

vittata in a soil spiked with heavy metals. According to Yu

and Zhou (2009), phosphate-induced Cd immobilization

can be explained by several mechanisms: (1) an increase in

the negative charge; (2) co-sorption of H2PO4
- and Cd as

an ion pair; (3) formation of Cd3(PO4)2; (4) surface

Table 3 Soil pH and concentrations of Cd, Pb and As in soil treated

with different application rates of soil additives

Treatments Application
[wt (%)]

pH Cd
(mg kg-1)

Pb
(mg kg-1)

As
(mg kg-1)

Control 0 6.52 6.17 1,012.25 22.38

CaCO3 1 8.30 5.66 952.37 20.86

3 8.45 2.07 1.26 20.58

5 8.47 0.57 0.69 19.62

CaO 1 9.40 5.57 627.16 21.16

3 12.15 0.21 2.00 21.09

5 12.54 0.01 1.24 19.61

Eggshell 1 7.95 5.68 949.21 21.79

3 7.97 5.55 806.48 20.78

5 8.04 5.18 700.40 20.74

Calcined
eggshell

1 9.38 5.43 635.50 20.77

3 11.92 0.40 3.31 23.09

5 12.51 0.00 1.92 20.25

Chicken
bone

1 7.32 5.91 967.56 26.95

3 7.70 5.90 764.27 33.11

5 7.90 5.45 410.24 37.41

Calcined
chicken
bone

1 7.08 5.69 818.70 38.68

3 7.50 5.32 581.90 44.22

5 7.99 0.11 396.21 46.99

LSD 0.09 0.31 79.60 1.32
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Fig. 3 % immobilized Cd (a), Pb (b), and As (c) in soil treated with

different application rates of soil additives. CC calcium carbonate,

CO calcium oxide, ES natural eggshell, CES calcined eggshell, CB
natural chicken bone, CCB calcined chicken bone
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complex formation of Cd on the P compounds. Chen et al.

(1997) suggested that Cd removal from aqueous solutions

in the presence of apatite was due to surface complexa-

tion and ion exchange rather than precipitation of metal

phosphates.

Pb mobility

The data in Table 3 show a significant decrease in the

extractable Pb concentrations in soil following treatment

with CaCO3, CaO and poultry waste (eggshell and chicken

bone). The concentration of 0.1 N HCl-extractable Pb in

the untreated soil (1,012 mg kg-1) was ten times greater

than the Korean warning standard (100 mg kg-1) (Ok et al.

2011b). Among all of the soil additives tested, only 3 and

5 % application rates of calcined eggshell, CaCO3 and CaO

decreased the Pb concentration to below warning level.

Chicken bone and calcined chicken bone were unable to

decrease the Pb concentration below the warning level

even at a higher application rate. Nevertheless, they

decreased the availability of Pb to 59.5 and 60.8 %,

respectively, at a 5 % application rate as compared to the

control (Fig. 3). In the current study, the primary mineral

predicted to be found in the chicken bone was HAP.

Indeed, the application of HAP to aqueous Pb or Pb-con-

taminated soils has been suggested by several authors

(Boisson et al. 1999b; Ma et al. 1993, 1994). In situ Pb

immobilization in contaminated soil via phosphate addition

is widely accepted (Cui et al. 2010; Khan and Jones 2008).

The addition of P amendments to Pb-contaminated soils

reduces Pb mobility via ionic exchange and precipitation of

the pyromorphite-type products [Pb5 (PO4)3X; X = F, Cl,

Br or OH], reducing the risk of Pb toxicity in the envi-

ronment (Cao et al. 2004; Udeigwe et al. 2011). Chen et al.

(2010) quantitatively compared the efficiency of aqueous

Pb removal by bone char meal and phosphate rock. They

concluded that the Pb removal efficiency by bone char

meal and phosphate rock was mainly controlled by the

dissolution of phosphatic components associated with

HAP, followed by a subsequent precipitation of the geo-

chemically stable pyromorphite [Pb10(PO4)6(OH, Cl)2].

From the results obtained for Cd and Pb mobility, it is

suggested that the rise in soil pH induced by the soil

additives was responsible for decreasing their availability

in the soil. These results are consistent with those of Kim

et al. (2010) and Ok et al. (2010) who found that at high

pH, metals became immobile and their uptake by plants

was significantly reduced. In general, soil pH is reported to

be the most important factor in controlling the availability

of metals (Chen et al. 2000). Many studies on the

adsorption and immobilization of heavy metals by the use

of soil additives have shown that the pH is the master

variable in the soil (Appel and Ma 2002; Barrow and

Whelan 1998; Msaky and Calvet 1990). Increasing the soil

pH increases the cationic heavy metal retention to soil

surfaces via adsorption, inner sphere surface complexation

and/or precipitation and multinuclear type of reactions

(Appel and Ma 2002). Many adsorption sites in soils are

pH dependent, i.e., Fe and Mn oxides, organic matter,

carbonate and clay minerals (McLean and Bledsoe 1992).

Metal hydroxides formed at a higher soil pH are generally

immobile. The results of this study indicate that calcined

eggshell is as effective as CaO in stabilizing Pb and Cd in a

contaminated agriculture soil due to similar effects on the

soil pH, but at different application rates. It was found that

calcined eggshell was more effective than other treatments,

which induced less effect on the soil pH. Precipitation as

metal hydroxides or carbonates may be one of the possible

mechanisms for the immobilization of Cd and Pb in soil

treated with liming materials (Bolan et al. 2003; Ok et al.

2010, 2011b, c). This process can play a major role in the

chemical stabilization of heavy metals, especially in alka-

line soils which contain high metal concentrations.

As mobility

The effectiveness of natural and calcined poultry wastes in

reducing As mobility was assessed by chemical extraction

with 1 N HCl. The concentration of 1 N HCl-extractable

As (22.38 mg kg-1) in the control soil was 3.7 times

greater than the Korean warning standard level of

6 mg kg-1 (Moon et al. 2011). The concentration of 1 N

HCl-extractable As decreased slightly after the addition of

lime-based treatments (CaCO3, CaO and natural or cal-

cined eggshell) (Table 3). It was found that the addition of

natural and calcined chicken bone resulted in a significant

increase in the 1 N HCl-extractable As compared to the

control soil. The As concentrations were increased by

20.45, 47.96 and 67.20 % in soil treated with 1, 3 and 5 %

of natural chicken bone additive, respectively (Fig. 3). At

the same application rates, calcined chicken bone treatment

increased the 1 N HCl-extractable As to a greater extent

with an increase of 72.84, 97.60 and 110 %, respectively,

when compared with the control. The highest As mobili-

zation was observed in soil treated with calcined chicken

bone at the highest application rate. The mobilization of As

in the soil with chicken bone additives could be due to the

competition of phosphate with As for surface binding sites

on the solids (Boisson et al. 1999a). Many studies on

immobilization/mobilization of As in soil have shown that

phosphate may effectively compete with As for surface

binding sites, resulting in As desorption/dissolution

(Boisson et al. 1999a, b; Impellitteri 2005). For example,

with the treatments of steel shots, beringite and hydroxy-

apatite, Boisson et al. (1999a) found that the addition of

HAP led to higher As mobility due to phosphate–arsenate
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competition for the sorption complex of the solid soil

phase. The findings presented in this study illustrate that

the presence of arsenic in metal-contaminated soils should

be taken into consideration, as phosphate competes with

arsenate for adsorption sites and can cause As mobilization.

Conclusions

In the current study, natural and calcined poultry wastes,

including eggshell and chicken bone, were applied as soil

additives to study their effects on immobilization of Cd, Pb

and As in a contaminated agricultural soil. The additives

significantly reduced Cd and Pb mobility in the treated soil

when compared with the control. The reduction was highly

correlated with the soil pH attributing to the formation of

insoluble metal hydroxides. On the contrary, chicken bone

led to a significant increase in the mobility of As in the soil

when compared with the control. These findings suggest

that natural and calcined eggshells were equally effective

with CaCO3 and CaO in stabilizing Cd and Pb in a con-

taminated agriculture soil. Future studies are needed to

investigate the effect of natural and calcined poultry wastes

on heavy metal availability to plants, as well as to predict

the exact mechanism of metal transformation from avail-

able to unavailable forms in metal-contaminated soils.
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