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Abstract 

Sustainable organic herbal production requires utilization of bio-waste materials as plant nutrient sources due 

to its economical aspect and would ensure continuous productivity. The usage of organic wastes in organic farming 

system (OFS) as fertilizers and soil amendments should be monitored as the accumulation of heavy metals has been 

reported in several studies. Glasshouse study has been conducted to assess the effectiveness of Pb immobilization 

due to chicken manure application using different sources of phosphate materials; bone meal (BM), Egyptian rock 

phosphate (ERP) and triple super phosphate (TSP). From the fractionation of glasshouse study, the percentage of 

exchangeable fraction of Pb was reduced with application of P-amendments with the highest of 20.2% of reduction 

recorded for 2 t/ha application of TSP. This is followed by reduction in exchangeable fraction for others treatments: 

2 t/ha of BM (4.1%), 4 t/ha of BM (5.1%), 1 t/ha of ERP (8.1%) and 2 t/ha of ERP at 17.6%. These treatments were 

recorded as being able to stabilize the Pb as indicated in the percentage reduction of phytoavailable pools into a 

more stable form of residual pool. 

Keywords: soil amendments, Egyptian phosphate rock, bone meal, sequential extraction study 

Introduction 

Food safety and environmental concerns have gained 

attention among consumers recently which results in 

increasing demands of organic farming produce over those 

of conventional farming. Agronomic practices, such as 

application of soil amendment and organic fertilizer (types 

and rates) for organic production of herbs on Malaysian 

soils have not been well investigated. These practices 

should be reviewed due to potential of heavy metals 

accumulation in the herbal produce. Safety assurances of 

organic herbs products should be monitored along with the 

enhancement of biomass yield. Chicken manure and 

organic fertilizers might contribute to higher trace metals 

uptake in plant tissues particularly for lead. Businelli et al. 

(2009) indicated animal manure or compost spreading 

induces an increase in Cu, Zn and Pb contents in the 

receiving soils. Apparently, Malaysian soils is dominated 

by Ultisols and Oxisols having low fertility status in which 

addition of organic amendments such as animal manure, 

compost and biochar is a must, not only to provide nutrients 

but also prevent soil erosion, improve soil physical, 

chemical and biological properties, and protect crops from 

pathogens (Leroy et al. 2007). Since the nitrogen sources in 

OFS is usually low, the rates of application are higher 

compared to chemical fertilizers. Thus, there is potential of 

heavy metals accumulation in amended soil and 

consequently in organic produce. Other than agricultural 

inputs, the source of lead contaminants can be contributed 

by industrial by-products, urban wastes and automobile 

gaseous emission (Pallavi and Rama, 2005).  

In-situ immobilization is application of soil additives to 

modify the physico-chemical properties of the 

contaminating heavy metals combined with the 

development of biological communities and plants for 

further metal immobilization in the soil system 

(Vangronsveld et al. 1995). This method was shown to be a 

very promising alternative remediation method based on 

risk reduction, time and cost effectiveness. There are few 

reports related to copper, zinc and lead accumulations in O. 

stamineus. Abdu et al., (2011) concluded that O. stamineus 

can be a potential phytoremediator for Pb and Zn, whilst 

Manan et al., (2015) indicated that O. stamineus acts as a 

moderate accumulator for Zn, Cu and Pb. However, zinc 

and copper are essential for both plants and human, which 

unlike lead, possess threat even at minimum amounts. Thus, 

a method of in situ immobilization of lead using phosphate 

based materials can be selected to reduce the Pb 

concentration in this crop. In selecting the most appropriate 

soil remediation methods, it is of paramount importance to 

consider the characteristics of the soil and the contaminants 

(Lestan et al. 2008). Application of apatite as amendment 

appears to be a promising soil additive for immobilizing 

metals in polluted soils (Soltan et al. 2012). Its 

effectiveness has been reported in several studies to reduce 

Pb uptake by plants (Cotter-Howells and Caporn 1996; 

Laperche et al. 1997; Hettiarachchi et al. 2000). This was 
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investigated in the study of O. stamineus using three 

sources of phosphorus; bone meal, Egyptian rock phosphate 

and triple super phosphate. Therefore, the objective of this 

study was to assess the effectiveness of Pb immobilization 

due to chicken manure application using different sources 

of phosphate materials; bone meal (BM), Egyptian rock 

phosphate (ERP) and triple super phosphate (TSP). 

Materials and Methods 

The growing media was mixed with treatments: 

control, Egyptian rock phosphate with 2 rates of application 

of 1 and 2 t/ha, bone meal with 2 rates of application 2 t/ha 

and 4 t/ha along with 2 t/ha of triple super phosphate as a 

comparison for reactive type phosphate rock. 10 t/ha of 

chicken manure were applied with said treatments as source 

of heavy metals as determined by incubation study. The 

characterization for soil, organic materials and P-

amendments used are presented in Table. 1. The soil were 

air-dried after 8 weeks of incubation and then ground to 

pass through a 2-mm sieve prior to use. Soil analyses were 

conducted as follow; soil pH and pH of organic and P 

amendments (soil:water,1:2.5), Available phosphorus (Bray 

and Kurtz No. 2), nutrients contents (N, P, K, Ca and Mg) 

and trace metals contents (Cu, Zn, Pb, As and Cd) were 

extracted using aqua-regia extractant (McGrath and 

Cunnliffe, 1985). Method of Tessier et al. (1979) was 

selected for the fractionation study. The fractions 

determined were; (1) exchangeable, (2) carbonates, (3) Fe 

and Mn oxides, (4) organic matter, and (5) residual. The 

plant transfer factor (TF) was calculated as follows; TF= 

(concentration in plant/ concentration in soil), where its 

represent the metal concentration in extracts of plants and 

soils on dry weight basis, accordingly.  

Trace metals (Pb, Cu and Zn) concentration were 

determined by the graphite furnace atomic absorption 

spectrophotometer (Perkin-Elmer) accordingly. Analysis of 

statistical data was carried out using SAS statistical package 

9.4 (SAS Institute Inc., Cary, NC, USA). When the 

ANOVA for interaction parameters was significant, means 

separation was carried out using HSD-test. All graphs were 

plotted using Microsoft Excel 2013 and Sigma Plot 

software 12.0 version (Systat Software, San Jose, CA). The 

correlation analyses were conducted to measure the degree 

of relationship between parameters. 

Results and Discussion 

Characterization 

Table 1 shows the chemical characteristics of soil, 

chicken manure, Egyptian rock phosphate, triple super 

Table 1: Selected chemical properties of soil, chicken manure and phosphorus materials 
 

Parameter 
Top 

Soil 

Chicken 

Manure 

Egyptian Rock 

Phosphate 

Bone 

Meal 

Triple Super 

Phosphate 

pH 4.12 9.2 7.27 6.94 2.59 

Total C (%) 2.24 14.4 1.16 18.87 0.13 

Total N (%) 0.19 1.09 0.05 4.08 0.06 

C:N Ratio 11.79 13.21 23.20 4.63 2.17 

Moisture Content (%) 2.80 16.5 0.40 4.40 0.20 

Available P (mg/kg) 14.58 nd nd nd nd 

Exch.K(cmol+/kg) 0.42 nd nd nd nd 

Exch.Ca(cmol+/kg) 2.37 nd nd nd nd 

Exch.Mg(cmol+/kg) 0.23 nd nd nd nd 

Total P (%) nd* 2.01 9.40 1.73 84.00 

Total K (%) nd 1.22 0.15 0.05 1.58 

Total Ca (%) nd 4.47 2.88 2.98 0.50 

Total Mg (%) nd 0.46 0.20 0.13 0.22 

Cu (mg/kg) 15.59 88.13 18.5 6.87 51.47 

Zn (mg/kg) 28.71 477.09 125.00 130.50 319.40 

Pb (mg/kg) 14.01 37.76 55.00 37.60 18.79 

As (mg/kg) bld* 13.49 6.44 bld 32.00 

Cd (mg/kg) 0.06 0.31 2.14 0.1 119.00 

P water soluble (%) nd nd 0.02 0.01 1.93 

P ammonium citrate soluble (%) nd nd 0.80 1.23 0.92 
bld= below limit of detection, nd=not determined 
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phosphate and bone meal used in this study. The solubility 

of P amendments dictates their effectiveness in Pb 

immobilization (Soltan et al. 2012). The solubility of 

phosphate materials were determined using; 1) water 

soluble P and 2) neutral ammonium citrate soluble P (pH 

7). The results indicate that TSP have higher percentage of 

water soluble P at 1.93% compared to ERP and BM at 

0.02% and 0.01%, respectively. On the other hand, the 

ammonium citrate soluble P (pH 7), indicates higher P 

solubility at 1.23% in BM followed by TSP at 0.92 and 

0.80% in ERP. The total solubility of P are in order of: 

ERP<BM<TSP. High solubility of Pb and P is required for 

a successful Pb immobilization for formation of 

pyromorphite other than low soil pH and high Pb/P ratio 

(Chrysochoou et al. 2007). Thus, TSP and BM are probably 

better materials to immobilize Pb based on assessment 

made on their solubility.  

Dissolution of Pb and P amendments, which is 

enhanced by decreasing pH, is necessary for pyromorphite-

type minerals to form. However, it is best to record that 

materials used, contained significant amount of trace metals 

particularly Cd. But, its releases in the soil system dictates 

by its phosphate materials origin and reactivity. The 

reactivity of the phosphate rock governs the availability of 

Cd due to its strong binding properties with phosphorus in 

the apatite structure. Correspondingly, the origins of P-

amendments also dictate its solubility of Cd in the soil 

environment, justifying the usage of ERP instead of others 

type of phosphate rocks. 

Lead concentration in O. stamineus 

From Table 2, the trace metals detected were in the 

range of mg kg
-1

 of copper, zinc and lead. Higher level of 

copper and zinc were detected since high amounts of 

chicken manure was applied. Chicken manure application 

to agricultural land has been recognized as a major source 

of metals input to the soils, and with repeated applications 

will eventually result in elevated concentrations of metals in 

soil (Bolan et al. 2010). Thus, monitoring of usage of 

animal manures are needed to ensure they are not over 

applied and affect food safety. Results demonstrated that 

the application of P-amendments were able to lower the 

lead concentration in the plant tissue significantly which 

potentially indicates their effectiveness. Reduction of lead 

percentage in comparison to the control ranged from 44.4 to 

52.7% accordingly. Laperche et al. (1997) showed that, in 

the presence of large quantity of phosphate, lead 

accumulated in root tissues more than in untreated 

contaminated soil. The aerial concentration of lead did not 

provide conclusion to the fate of Pb, which was probably 

higher in the roots than in aerial parts of O. stamineus. 

Table 2: Effect of different P-amendments application 

on heavy metals contents in O. stamineus 

aerial plant tissues 

Treatment 
Cu Zn Pb 

(mg/kg) 

Control 27.98ab 92.03a 3.58a 

BM 2 18.33b 73.93a 1.98b 

BM 4 26.85ab 85.13a 2.20b 

ERP1 24.30ab 60.88a 1.68b 

ERP2 22.10ab 64.98a 1.88b 

TSP2 37.68a 83.95a 1.73b 

Pr>F ns ns * 
*Means in each column, followed by the same letter, are not 
significantly different according to the Tukey test (P>0.05) 

The O. stamineus phytoremediator abilities 

The assessed metals as indicated showed that the O. 

stamineus have abilities to take up copper, zinc and lead. 

Based on the results, the O. stamineus was capable of 

accumulating Pb concentrations at 1.7 to 3.6 mg/kg, zinc 

concentrations at 60.9 to 92.0 mg/kg and copper 

concentrations at 18.3 to 37.7 mg/kg. Previous study by 

Manan et al., (2015) indicated that O. stamineus roots were 

more significant in accumulating Zn, Cu and Pb whilst Zn 

and Cu metals positively correlated in the leaves and stems 

of Orthosiphon stamineus (r= 0.99 and 0.80, respectively). 

Reviewing on apatite application on Pb, Zn and Cu 

concentration in plant tissues, only 2 t/ha of TSP 

application showed higher Cu concentration than control. 

Ma et al., (1994) showed that Cu and Zn could also be 

sorbed by apatite, but less effective than lead. The 

mechanism of immobilization for these metals was not 

identified, but it can be adsorption or precipitation (Xu et 

al., 1994). The effectiveness of P amendments decreases in 

multielement contaminated soils. The competitive metal 

sorption was observed to reduce the binding capacity of 

hydroxyapatite, as example, Pb, Cu and Zn when 

simultaneously present in soil solution (Corami et al., 2007; 

Cao et al., 2004). 

Plant biomass and nutrients uptake 

Aerial dry weights of O. stamineus were in a range of 

17.60 g to 28.34 g after harvest. However, there is no 

significant difference in the biomass yield between different 

rates and types of P-amendments used (Table 3). The dry 

weights of the aerial, roots and aerial roots ratio of O. 

stamineus are not significantly different between 

treatments. Similarly, the aerial roots ratio indicated no 

significant results between the treatments as well as for 

carbon, nitrogen, phosphorus, potassium, calcium and 

magnesium in plant tissues (Table 3 and 4). However, 

addition of 10 t/ha of chicken manure is more than 
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sufficient to meet the nutrient requirements of the crops, 

albeit considered impractical and costly. Study by Vimala 

et al. (2002), indicated that the nutrients uptake of O. 

stamineus grown on sandy soil with 30 t/ha application of 

chicken manure were as follows; nitrogen at 4.03%, 

phosphorus at 0.92%, potassium at 2.50%, calcium at 

2.07% and magnesium is about 0.93% to 1.02%. In their 

study, sandy soil was used, thus the high amounts applied 

are justifiable due to consideration of nutrients leaching. 

Based on evaluation, there are no symptom of deficiency 

occurring during the growth trial. In this sense, 10 t/ha of 

chicken manure should be sufficient for the crops to grow 

well on mineral soils. 

Lead phase association 

Soil fraction has been conducted to evaluate the 

effectiveness of P-amendments in reducing available Pb for 

plants uptake (Figure 1). The soil has undergone 5 steps of 

sequential extraction according to Tessier et al. (1979) right 

after harvest. In general, the application of P-amendments 

either using bone meal, Egyptian rock phosphate or triple 

super phosphate shows a reduction in exchangeable lead 

fraction and increase in residual fraction. The application of 

10 t/ha of chicken manure added a significant amount of Pb 

in the exchangeable fraction. The least percentage of Pb in 

exchangeable fraction were in this order; 

TSP2>ERP2>ERP1>BM4>BM2. These suggested that 

application of these P-amendments have abilities to 

stabilize the lead in soil from exchangeable and other 

fraction into a more stable complex found in residual 

fraction (Figure 1). An obvious choice of a phosphate 

reagent to test for lead treatment was commercial fertilizers 

that contain phosphate, commonly known as TSP (produce 

by reacting phosphoric acid with phosphate rock) due to its 

high water solubility.  

The chemical precipitation of metals rely on the 

solubility products of the solids formed, metal sorption 

involves adsorption, surface precipitation or co-

precipitation, and intra-particle diffusion. The rate of 

solubility of materials also give impact on effectiveness of 

the treatments. For example, the relative dissolution of 

phosphate rock in order to immobilize Pb at its natural pH 

8.7 is low, unlike at lower pH 3.7 whereby Pb 

immobilization is instantaneous, forming a pyromorphite 

minerals (Melamed et al. 2003). The formation of 

pyromorphite in soil requires dissolution of Pb and P 

amendments, respectively. The rate and effectiveness of the 

Pb immobilization fairly depends on solubility of Pb and P 

amendments (Kumpiene et al. 2008).  

Study by Brown et al. (2005) indicates phosphate-

based salts and phosphoric acid are more soluble and 

efficient for this purpose in comparison to phosphate rock. 

It has been suggested that a far more reactive and soluble P-

sources materials be utilized for immobilizing the Pb. 

However, application of rapid and soluble P-amendments 

such as phosphoric acids and salts are potentially postulated 

to lower the soil pH and could contribute towards 

acidification. Even the release of Pb into soil solution is 

Table 3: Effect of different P-amendments application on biomass of O. stamineus produce 

Treatment Dry aerial weight (g) Dry roots weight (g) Aerial roots ratio 

Control 19.88a 34.03a 0.62a 

BM 2 24.28a 33.91a 0.80a 

BM 4 27.36a 40.50a 1.13a 

ERP 1 28.34a 33.58a 1.12a 

ERP 2 17.60a 16.68a 1.17a 

TSP 2 20.79a 26.30a 0.93a 

Pr>F ns ns ns 

Table 4: Effect of P-amendments application on selected plant nutrients concentration of O. stamineus 

Treatment C (%) N (%) P (%) K (%) Ca (%) Mg (%) 

Control 41.7a 2.1b 0.25a 2.93a 2.10a 0.081a 

BM 2 41.4ab 2.4ab 0.29a 3.08a 2.02a 0.081a 

BM 4 40.4b 3.0a 0.28a 2.93a 2.08a 0.082a 

ERP 1 41.4ab 2.2b 0.27a 2.93a 1.78a 0.081a 

ERP 2 40.7ab 2.6ab 0.23a 2.94a 2.08a 0.081a 

TSP 2 41.7a 2.2b 0.39a 3.23a 1.63a 0.082a 

Pr>F ns ns ns ns ns ns 
*Means in each column, followed by the same letter, are not significantly different according to the Tukey test (P>0.05) 
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increased for a better immobilization process to be 

conducted under low soil pH, such drastic measure should 

be avoided or with counter measure taken to increase the 

pH such as adding liming materials. Moreover, the amounts 

and the rate of application plays an important role in order 

for such mechanism to occur effectively. Several study 

usually expressed the amounts of added material as a 

percent of amendment added to soil (weight ratio), as a 

concentration of P per kg soil or t per ha, or as a molar ratio 

P/Pb. Despite that, some doubts about stabilization of Pb by 

phosphorus arises as there is potential for formation of 

other minerals than pyromorphite (Porter et al. 2004). Thus, 

high rate of application is suggested with amounts of P in 

soil needs to be increased to the levels that are 20 times the 

normal P concentration in soil (Porter et al. 2004). This is 

not cost effective and unsuitable for this type of research, 

since the P-sources act fairly as amendments. 

Fractionation of lead in soil 

Based on Table 5, fractions of lead in the receiving soil 

was inter-changing between exchangeable Pb and residual 

Pb fractions. The application of 10 t/ha of chicken manure 

was kept constant for all of the treatments. As shown in 

control treatment, the lead concentration was higher at 

exchangeable and Fe&Mn oxides fraction. This indicates 

that the lead was primarily release from exchangeable 

fractions and transform into the residual fraction. In 

general, most of apatite applications were able to reduce the 

exchangeable fraction bound Pb and subsequently stabilized 

it into a more stable form in minerals. The mechanisms 

involved in P-induced Pb immobilization include ionic 

exchange and chemical precipitation. Several studies 

suggest that a potential retention mechanism of 

hydroxyapatite for Pb (Suzuki et al. 1981) is ionic exchange 

with Ca. However, Ma et al. (1994) demonstrated that Pb 

reacts with hydroxyapatite [Ca5(PO4)3OH] in solution, 

forming stable pyromorphite-type minerals [Pb5(PO4)3X; 

X=F, Cl, Br and OH], suggesting dissolution of 

hydroxyapatite followed by precipitation of pyromorphite 

as the primary mechanism. The solubility of P amendments 

dictates their effectiveness in Pb immobilization process. 

Even then, pyromorphite can only be detected in the soil 

system when present at a concentration of greater than 5% 

(Ma et al. 1994). 

Transfer factors of heavy metals 

Table 6 indicates the transfer factors of lead when 

applied with different rates and type of P-amendments. Soil 

to plant transfer of heavy metals is the major path way of 

human exposure to metal contamination. Based on Table 3, 

 
Figure 1: The lead content expressed as percentage in 5 fractions; 1) exchangeable, 2) carbonates, 3) Fe & Mn 

oxides, 4) organic matter and 5) residual with application of different P-amendments 
 

 

http://www.sciencedirect.com/science/article/pii/S0048969702004692#BIB14
http://www.sciencedirect.com/science/article/pii/S0048969702004692#BIB14


In-situ immobilization of lead using P-amendments 

 

25 

Soil Environ. 36(1): 20-27, 2017 

Pb showed a reduction in TF after P application. Even 

statistically these values were not significant. The best 

application to lower Pb transfer factor accordingly are as 

follows: BM2>ERP1=TSP2=BM4=ERP2>control. Manan 

et al. (2015) indicates translocation factors for O. stamineus 

grown on contaminated soil obtained from industrial land is 

0.12. Similarly, the value obtained in this study were 

between 0.10-0.22 TF, which 0.22 shows in control 

treatment with addition of 10 t/ha of chicken manure. Thus, 

it can be concluded that O. stamineus have ability to take up 

Pb at certain amounts, even though not qualifying as a 

hyperaccumulator species. 

Table 6: Effect of different application of P-

amendments on TF coefficients or transfer 

of lead to plants 

Treatment TF Pb 

Control 0.22a 

BM 2 0.07b 

BM 4 0.14ab 

ERP 1 0.10ab 

ERP 2 0.15ab 

TSP 2 0.10ab 

Pr>F ns 
*Means in each column, followed by the same letter, are not 

significantly different according to the Tukey test (P>0.05) 

Correlation coefficient between Pb uptake 
with Pb in soil fractions 

Table 7 indicates the correlation of Pb uptake, available 

P and soil pH against Pb in all soil fractions. Based on 

Table 5, shows that the Pb uptake in aerial plants have a 

positive significant correlation with exchangeable Pb 

fraction of soil (R value=0.42). This means that the 

exchangeable fraction particularly contributes for lead 

uptake in O. stamineus plant tissues. The total 

concentrations of heavy metals in soil do not indicate the 

amounts that are available for plant uptake (Srikanth and 

Reddy 1991). Measurements using selected pools via 

fractionation study enables us to assess the fractions which 

are responsible to replenish the heavy metals in the soil 

solution for plant uptake. Based on Table 4, the significant 

correlation between exchangeable Pb in soil and plant 

uptake for Pb reaffirmed this hypothesis. 

Conclusion 

Based on this study, O. stamineus have abilities to take 

up certain amounts of copper, zinc and lead. Applications 

of P-amendments tested shows effectiveness of TSP in 

reducing lead in soils. The best treatments are as follows; 

TSP 2 > ERP 2 = ERP1 > BM4 = BM2 > control. These 

treatments were recorded able to stabilize the Pb as per 

indicated in the percentage reduction in phytoavailable 

form pools into a more stable form of complex. The 
reduction of Pb concentrations in aerial plant tissues also 

were portrayed as follows; TSP2 = ERP1 > ERP2 > BM2 > 

BM4 even though the concentrations are not significantly 

different. There is no significant difference in TF value for 

Pb upon application of apatite, but the reduction of lead TF 

across P-amendments indicate their effectiveness. 

Correlation analysis indicates that the source of available 

Table 5: Effect of P-amendments on lead concentrations in different fractions of the soil 

Treatment 
Exchangeable 

Pb (mg/kg) 

Carbonates 

Pb (mg/kg) 

Fe & Mn Oxides Pb 

(mg/kg) 

Organic 

matters Pb (mg/kg) 

Residual 

(mg/kg) 

Control 9.90a - 2.27a 1.11b 8.44a 

BM 2 8.75ab 0.14a 2.20a 0.88b 9.05a 

BM 4 8.64ab 0.08a 1.78b 0.88b 9.91a 

ERP 1 7.89b 0.20a 1.73b 1.11b 10.24a 

ERP 2 5.62c 0.12a 1.87b 1.09b 11.31a 

TSP 2 4.45c 0.05a 1.84b 1.42a 11.16a 

Pr>F *** ns * * ns 
*Means in each column, followed by the same letter, are not significantly different according to the Tukey test (P>0.05) 

Table 7: Pearson correlation coefficients between Pb uptakes and soil fractions (n=24) 

 Pearson Correlation Coefficients, N = 24 

 Prob > |r| under H0: Rho=0 

 Exchangeable Pb Organic matters Pb Carbonates Pb Fe&Mn Oxides Pb Residual 

Pb uptake 0.42
* 

0.024
ns 

-0.22
ns 

0.11
ns 

-0.40
ns 

Available P -0.40
ns 

-0.26
ns 

0.16
ns 

0.03
ns 

0.08
ns 

Soil pH -0.08ns 0.06ns 0.38ns 0.06ns -0.27ns 

Remarks: ns-not sig., * P<0.05 
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Pb for plant uptakes was derived from the exchangeable 

fraction. 
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