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Abstract 

In this study, the role of organic matter of compost was applied at different rates to 

reduce the toxic risk of nickel and lead metals through incubation for different 

periods followed by leaching. Secondary effect of time of leaching in reducing or 

removal of the studied heavy metals out of soil within the different incubation 

periods. The obtained results could be summarized as the following: Composted 

cattle manure for 20-40 days increased heavy metal leaching from soils when 

compared to an unamended control. Composted cattle manure increased Ni and Pb 

concentration in the leachate. The maximum Ni and Pb concentration in leachate 

from the manure-amended treatments were as high as 17.31mgKg
-1

 and 9.61mgKg
-

1
 respectively whereas Ni and Pb concentrations from the control were 7.18mgKg

-1
 

and 3.55mgKg
-1

respectively. In all leachate, the concentration of Ni was more than 

the lead caused to ionic diameter and bonding energy. The higher sorption of Ni 

and Pb suggested that the metal binding sites in OM were more selective for Ni 

than Pb. In addition, these results suggest that Ni has higher affinity for organic 

activity sites than for inorganic sites, whereas Pb would prefer both inorganic and 

organic sites. The higher affinity of the control soil for Ni and Pb is probably due 

to the existence of a greater number of active sites with high specificity for these 

metals, so when they are present, these sites would not be occupied by other 

cations. The concentrations of the leached metal ions from the sandy soil were 

higher than the corresponding ones leached from the clayey one.  
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Introduction 

Heavy metal contamination in the surface water and groundwater environment 

prevents any beneficial use of the water bodies. It is therefore essential to control 

the concentration of heavy metals in waste effluents before its disposal into the 

environment. Heavy metal pollution is a serious problem for the environment. Soil 

heavy metal pollution has a pernicious effect on soil microbial properties (Yang et 
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al., 2012) and on the taxonomic and functional diversity of soils (Vacca et al., 

2012). On the other hand soil heavy metal pollution poses a risk to the environment 

and to human health (Roy and McDonald, 2014) due to biomagnification 

(increases in metal concentration as the element passes from lower to higher 

trophic levels). Some of these elements can be essential for living organisms while 

some others are non-essential. Even concentrations of essential elements beyond a 

certain threshold will have pernicious health effects, as they interfere with the 

normal metabolism of living systems. 

Lead is one of the most toxic heavy metals, as mention by Nordberg et al 2007. It 

is widely used in many important industrial applications such as storage battery 

manufacturing, printing, pigments, fuels, photographic materials, and explosives 

manufacturing. The toxicity of lead to humans is well-known; it replaces calcium 

and, consequently, can accumulate in the skeletal system, Anielak and Schmidt 

(2011). Exposure to lead is associated with a wide range of effects, including 

various neurodevelopment effects, mortality (mainly due to cardiovascular 

diseases), impaired renal function, hypertension, impaired fertility, and adverse 

pregnancy outcomes, Who(2011). 

The presence of aged cattle manure greatly increased Pb concentration in the 

leachate. Yossifova (2007) reported that most of the trace elements in the Pernik 

coals (Ni) show an affinity to OM. Nickel is one of the trace nutrients needed in 

the body, but when ingested at high dosages, it can cause health problems like birth 

defects, embolism, and chronic bronchitis,  Rothwell et al. (2007) showed that Cu, 

Ni, Pb, V, and Zn is leached from the contaminated peat soils into headwater 

streams. Mellis et al. (2004) found that the nickel adsorption decreased with 

elimination of organic matter. 

Esawy(2011), pointed to the combination of rice straw compost and water 

treatment residuals which was successful in lowering the bioavailability of metals 

and increasing yield of canola grown on the contaminated soil. 

Application of organic amendments to agricultural soils can be beneficial because 

they can provide nitrogen, phosphorus, and other nutrients; improve the structure 

of degraded soils; beneficial organic matter is increased; and soil application offers 

a reasonable means for waste disposal. Organic amendments have been used as 

chemical barriers for heavy metal movement (Ludwig et al., 2002). Manure has 

been used to improve the fertility of soils for centuries (Walker et al., 2004). Han 

et al 2006 reported that the amendments (zeolite, compost and Ca(OH)2 increased 

the residual fraction of heavy metals in soils, and decreased the heavy metals 

uptake by white lupin compared with the unamended control. Among the three 

amendments, compost and Ca(OH)2 were the most efficient at reducing Pb uptake. 

Burgos et al. (2006) reported that the application of organic and inorganic 

amendment increased soil pH and total organic carbon content and decreased As, 
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Cd, Cu, Pb and Zn, solubility. Vega et al. (2006) reported that the soil organic 

matter content plays a fundamental role in control of Pb sorption. Paul Schwab et 

al. (2007) showed that the composted yard waste, composted cattle manure, and 

cattle manure aged for one month increased heavy metal leaching from mine 

tailings when compared to an unamended control. Hai Xia and Takayuk (2013), 

when they used the composted sewage sludge mixture ratio of 20%, organic matter 

and humic substances concentration Cu and Cr leaching concentrations have 

highly linear correlation. Mostafa et al 2013 assessed the monometal and 

competitive adsorption of Cd, Ni, and Zn in the soil incubated with different 

contents of decayed cow manure (in treatments, T1: 0, T2: 25, and T3: 50tha−1) 

for 90day at 25°C. Results showed that the mono- and multimetal sorption amounts 

increased with an increase in organic amendment content as the sorption capacities 

for Cd, Ni, and Zn followed the following sequence: T2 ≥ T3>T1. 

 

The objectives of this experiment: Applying the cattle manure on reducing and 

eliminating the toxic risk of contaminated soils with Ni and Pb. Understanding and 

assessment of adsorption fixation and mobility of these elements as affected by 

time factor and rate of organic manure application. These assessments will help in 

selecting the means of remediation of the contaminated soils with Ni and Pb.   

 

Materials and Methods  

Two soils types were chosen for conducting the current study, the first was sandy 

from Wadi El-Natrun 90Km Cairo-Alex desert road while the second was clayey 

from AL-Fayoum Governorate. Table (1) shows some physical and chemical 

properties of the selected soil samples. 

Soil analyses:  for particle size distribution, pH, total soluble salts, total calcium 

carbonate, cation exchange capacity and organic matter using standard methods ( 

Black et al .1982 ) . 

Table (1): Some physical and chemical properties of the selected soil samples. 

Soil property Sandy soil Clay soil 

Fine sand% 11.54 15.46 

Coarse sand% 82.91 10.46 

Silt% 2.34 17.73 

Clay% 3.21 56.35 

Texture Sand Clay 

pH 1:5 7.25 7.41 

Ec dSm
-1

 1.85 2.14 

Organic matter% 0.12 0.45 

CaCO3% 0.23 0.32 
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Table (2) : Some properties of the used composted cattle manure  

 

Ec dSm
-1

 pH1:5 OM% C% C:N N% P% K% 

2.46 7.12 35.67 13.47 13:1 1.92 0.92 3.26 

 

Incubation experiment: An incubation experiment was conducted to study the 

effect of compost on the mobility of Ni and Pb metals in the studied soils. Each 

column was made of a 15-cm diameter PVC pipe and 35 cm in length. Soils were 

added to a depth of 30cm and covered with the compost material. Composted cattle 

manure was added at rates of 0, 2, 4 and 6% (a commonly cited application rate for 

remediation of soils). Table (2) shows some properties of the used compost. The 

organic amendments were mixed at the top 5 cm of soils to simulate field 

conditions. Control columns received no organic materials 

- Nickel and lead in the sulphate form (NiSO4, PbSO4) were added at rate of low, 

moderate and high concentration (10, 20 and 30mg Kg
-1

 respectively). The soils 

were incubated with the added compost materials, which was applied at rates 0, 2, 

4 and 6% and the heavy metals at laboratory temperature 25C
0
 for two incubation 

periods namely 30 and 60 days. Soil moisture was kept constantly at field capacity 

by adding distilled water every day. After each 10 days from incubation period, 

soil in each plastic column was exposed for washing three times with quantity of 

distilled water equivalent to times that of the saturation percentage. The filtrates 

were collected and analyzed for nickel and lead by Atomic Absorption Spectro-

photometery (AAS 200A Buck Scientific Model). 

 

Results and discussion  
Data presented in Tables (3 and4) reveal the effect of the applied compost 

material, after a month period of their incubation with soils contaminated with Ni 

and Pb. It is obvious from results that the concentrations of the leached metal ions 

were as expected the highest upon application of the highest rates of these metal 

ions, and lowest with low concentration. 

Increasing time of leaching process for the soils in the same columns was 

associated with decreases in the corresponding concentrations of Ni and Pb  

in the soil.  

Table (3) Leachate of Ni and Pb (mg/Kg
-1

) from the sandy soils as influenced by 

the application of compost and the incubation for 30 days 

Leaching intervals Sandy soil 

Compost 

rate% 

Conc. 

mgKg
-1

 

10 days 20 days 30 days 

Ni Pb Ni Pb Ni Pb 

Control Low 5.03 2.00 6.08 2.48 6.31 2.81 
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Moderate 6.05 2.43 6.55 2.65 6.65 3.00 

High 6.88 2.93 6.93 3.02 7.03 3.35 

Average 5.99 2.46 6.52 2.72 6.66 3.05 

2% 

Low 8.03 3.03 9.68 3.82 10.30 4.31 

Moderate 9.06 3.98 9.99 4.82 11.06 5.65 

High 9.83 4.40 10.80 5.85 12.45 6.00 

Average 8.97 3.80 10.16 4.83 11.27 5.32 

4% 

Low 10.79 4.53 11.19 5.51 12.53 6.03 

Moderate 11.64 5.18 11.94 6.19 14.13 6.95 

High 12.32 6.02 12.53 7.18 14.98 7.53 

Average 11.58 5.24 11.89 6.29 13.88 6.84 

6% 

Low 13.05 6.50 13.76 7.18 15.85 7.85 

Moderate 13.72 7.15 14.30 7.53 16.58 8.48 

High 14.97 7.40 15.80 8.18 17.28 8.82 

Average 13.91 7.02 14.62 7.63 16.57 8.38 

 

Table (4) Leachate of Ni and Pb (mg/Kg
-1

) from the clayey soils as influenced by 

the application of compost and the incubation for 30 days 

Leaching intervals Clay soil 

Compost 

rate% 

Conc. 

mgKg
-1

 

10 days 20 days 30 days 

Ni Pb Ni Pb Ni Pb 

 Control 

Low 3.03 1.33 3.87 1.52 4.43 1.85 

Moderate 3.80 1.67 4.17 1.82 4.80 2.02 

High 4.68 2.02 5.00 2.43 5.26 2.82 

Average 3.84 1.67 4.34 1.92 4.83 2.23 

2% 

Low 5.80 2.00 6.36 2.85 8.03 3.18 

Moderate 6.38 2.48 6.95 3.84 8.84 3.98 

High 7.47 2.90 8.04 4.15 9.96 4.50 

Average 6.55 2.46 7.12 3.61 8.94 3.89 

4% 

Low 7.78 3.65 8.91 4.52 10.59 4.98 

Moderate 8.63 4.15 9.46 5.00 11.72 5.84 

High 9.47 4.52 10.56 5.98 12.53 6.18 

Average 8.63 4.11 9.64 5.17 11.61 5.67 

6% 

Low 10.31 5.45 11.36 6.02 13.30 6.48 

Moderate 11.08 5.94 12.20 6.48 14.47 7.01 

High 11.69 6.02 13.30 7.13 15.05 7.52 

Average 11.02 5.80 12.29 6.54 14.27 6.99 
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Composted cattle manure increased Ni and Pb concentrations in the leachate  of 

sandy soil (16.57and  8.38mgKg
-1

 respectively) and leachate of clayey soil (14.27 

and 6.99 mgKg
-1

 respectively) compared to the control in sandy soil (6.66 and 3.05 

mgKg
-1

 respectively) and in clayey soil (4.83 and2.23 mgKg
-1

 respectively). Ni 

and Pb concentrations in the leachate increased during the first several days, 

decreased with time, and seemed to reach steady state. Ni concentrations increased 

at first, declined to a relatively constant concentration from days 20 to 30 and then 

declined again. By the end of the experiment, all treatments were supporting 

similar Ni leachate concentrations. This suggests that: (1) Nickel and lead 

movement can be affected by water-soluble organic matter; (2) decrease in pH and 

bicarbonate can cause an increase in Ni and Pb leaching; (3) Ni and Pb had similar 

leaching behavior. These results are agreement with Plekhanova (2003) who 

found that the incubation of moistened soils for 30 days resulted in an increase in 

content of Ni compounds (water- soluble, exchangeable, and bound to organic 

matter).  Water soluble organic matter may have affected Pb movement because 

fulvic acids (including simple organic acids and chelating agents) are important 

components of water soluble organic matter. These acids can form stronger 

complexes with Pb and Ni than other metals such as Zn (Hornick, 1983). Nickel 

and lead mobility are favored by high dissolved organic carbon concentrations. 

Kuiters and Mulder (1993) investigated the effects of water soluble organic matter 

extracted from the Ah horizon of different soils on metal movement and reported 

that Pb and other metals were solubilized by dissolved soil organic matter. 

The sorption amount of Ni and Pb increased with an increase in organic 

amendment content. Organic matter is considered to play an important role in 

reducing plant uptake of heavy metals from soils due to its high CEC and 

complexing ability. Many authors have found that high organic matter content or 

addition of organic matter by organic amendments decreased the heavy metals 

concentration in solution Walker et al 2003 and  Karaca,2004. This effect is 

attributed to the high CEC of organic matter and its ability to form chelate 

complexes with metals. Haghiri,1974 concluded that the decreased plant 

availability of heavy metal concentration with higher levels of organic matter 

added was predominantly due to the effect of increasing soil CEC. 

Walker et al.2004 found that cow manure is capable of preventing soil 

acidification and decreasing heavy metal bioavailability. In addition, they 

expressed that the increase of soil pH caused by manure addition is the main 

factor reducing metal availability. 
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Fig. (1): Concentration of Ni in leachates of sandy soils for 60days as influenced 

by different rates of compost 

 

 
Fig(2):  Concentration of Ni in leachates of clayey soils for 60days as influenced 

by different rates of compost 

 

The aforementioned results of Fig1&2indicate that the concentrations of the 

leached metal ions through the soil columns packed with the sandy soils were 

higher than the corresponding ones occurred through clayey one. This finding is 

attributed to higher specific surface area and larger cation exchange capacity, 

which immobilize the movement of heavy metals or at least impede such 

movement. This result agreed with Mann and Kumar (2005) who reported that the 

soils with high organic carbon and highly clay content had higher values of 

distribution coefficient (KNi) than soils with low organic carbon and low clay 

content. 

 

Days

C
o

n
c
.o

f 
N

i 
m

g
K

g
-1

 i
n

le
a
c
h

a
te

0 10 20 30 40 50 60 70
0

10

20

Control

2% Compost

4% Compost

6% Compost

Days

C
o

n
c
.o

f 
N

i 
m

g
K

g
-1

 i
n

le
a
c
h

a
te

0 10 20 30 40 50 60 70
0

10

20
Control

2% Compost

4% Compost

6% Compost



International Journal of Research in Management                                                                                 ISSN 2249-5908 

Available online on http://www.rspublication.com/ijrm/ijrm_index.htm                     Issue 4, Vol. 4 (June-July 2014) 

RSPUBLICATION, rspublicationhouse@gmail.com Page 55 
 

 
Fig. (3): Concentration of Pb in leachates of sandy soils for 60days as influenced 

by different rates of compost 

 

 
Fig.(4): Concentration of Pb in leachates of clayey soils for 60days as influenced 

by different rates of compost 

 

On the other hand, the high percentage of the macro pores in the sandy soil may 

account also for such finding. Hence, the higher clay content of the clayey soil 

contribute to retention of more contents of both moisture and metal ions due to 

relatively higher surface area on one hand. The more negative surface charge on 

the other hand, which encourage the clayey soil to adsorb more heavy metals from 

soil solution and consequently decrease their leach ability out of soil. Abd El Aziz 

et al. (1993) reported that the soil having high clay content was mostly of greater 

content of Pb than that of calcareous sandy soils. Moreover, Pelzer (1987) found 

that high clay levels lowered downward movement of Pb and Ni. 
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Hence, more leaching will affect only the metal ions remained where the 

equilibrium reaction will proceed between the remained metal ions which 

decreased by leaching and the solution phase, accordingly less leached metal ions 

are expected to release with increasing time of leaching.  

Data presented in tables (5 and 6) represent the effect of incubation of soils (sandy 

and Clayey) with the used composted material for period of two months on water 

washable metal ions. It is obvious that the washable metal ions tended to decrease 

with progressing time of leaching i.e. the highest concentration of the leached 

metal ions were at 40 days then started in decreasing until 60 days. Within every 

leaching process the higher the concentration of the applied metal ions was related 

with its high concentration in the Leachate.  

 

Table (5) Leachate of Ni and Pb (mg/Kg
-1

) from the sandy soils as influenced by 

the application of compost and the incubation for 60 days  

Leaching intervals Sandy soil 

Compost 

rate% 

Conc. 

mgKg
-1

 

40 days 50 days 60 days 

Ni Pb Ni Pb Ni Pb 

Control 

Low 
6.86 3.02 5.83 2.99 5.03 2.58 

Moderate 7.21 3.65 6.39 3.17 5.30 2.98 

High 7.49 3.98 6.92 3.48 6.14 3.02 

Average 7.18 3.55 6.38 3.21 5.49 2.86 

2% 

Low 
11.15 5.27 10.28 4.68 9.70 3.83 

Moderate 12.21 6.18 11.56 5.32 10.53 4.53 

High 12.80 6.82 12.21 5.99 11.43 5.15 

Average 12.05 6.09 11.35 5.33 10.55 4.50 

4% 

Low 13.59 7.32 13.03 6.82 12.48 6.03 

Moderate 14.72 7.83 13.59 7.33 12.53 6.35 

High 15.05 8.98 14.70 7.52 13.59 6.85 

Average 14.45 8.04 13.77 7.22 12.87 6.41 

6% 

Low 
16.41 9.02 15.05 8.28 13.83 7.13 

Moderate 17.47 9.33 16.33 8.82 14.45 7.53 

High 18.05 10.48 17.13 9.02 15.81 8.18 

Average 17.31 9.61 16.15 8.71 14.62 7.62 
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Table (6) Leachate of Ni and Pb (mg/Kg
-1

) from the clayey soils as influenced by 

the application of compost and the incubation for 60 days  

Leaching intervals Clay soil 

Compost 

rate% 

Conc. 

mgKg
-1

 

40 days 50 days 60 days 

Ni Pb Ni Pb Ni Pb 

Control 

Low 5.58 2.99 4.97 2.67 4.38 1.83 

Moderate 6.14 3.17 5.03 2.72 4.81 2.28 

High 6.41 3.35 5.81 3.02 5.03 2.75 

Average 6.04 3.17 5.27 2.80 4.74 2.29 

2% 

Low 10.03 4.52 9.14 4.50 7.55 2.74 

Moderate 10.53 5.15 10.03 4.67 8.91 3.35 

High 11.31 5.65 10.29 5.13 9.56 3.86 

Average 10.62 5.11 9.82 4.77 8.72 3.32 

4% 

Low 12.50 6.81 11.89 6.20 10.56 4.86 

Moderate 13.03 7.08 12.30 6.62 11.14 5.36 

High 13.64 7.35 12.53 7.08 12.05 5.76 

Average 13.06 7.08 12.24 6.63 11.25 5.33 

6% 

Low 14.74 8.28 13.30 7.52 12.20 6.17 

Moderate 15.30 8.75 14.06 7.82 13.03 6.68 

High 16.13 9.02 14.64 8.00 13.64 7.08 

Average 15.39 8.68 13.99 7.78 12.96 6.64 

 

The comparison between the two investigated soils reveal that the types and rates 

of the applied compost were of more obvious effect on leaching Ni and Pb in the 

sandy soil more than from the clayey one. Such finding could be attributed to the 

higher clay content and consequently the cation exchange capacity higher than the 

corresponding one of the sandy soil.  

It was found that although increasing the incubation period caused concentrations 

of the studied metal ions to decrease in leachates of both sandy and clayey soils, 

yet their concentrations in the leachates of the sandy soil (17.31 and 9.61 mgKg
-1

 

respectively) were still higher than the corresponding ones in the clayey soil (15.39  

and 8.68 mgKg
-1

 respectively). 

  

The obtained results illustrate that generally the concentrations of heavy metals 

increased with increasing the rate of the applied compost material in sandy and 

clay soils. 

However, soluble organic compounds present in manure and other organic 

amendments used in remediation of metal contaminated soils may increase heavy 

metal mobility because: (1) organic acids may combine with metals to form water 
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soluble complexes or colloids; and (2) organic acids can reduce soil pH and 

increase metal solubility. Furthermore, large populations of microorganisms in the 

manure-amended soils can increase metal movement through releasing simple 

organic acids and enhancing colloidal transport. 

As discussed above, The leaching process most likely facilitated the degradation of 

the easily degradable materials. Once these organics form complexes with heavy 

metals, they can be easily dissolved in water solution and move to the subsoil. 

Fulvic acid fractions formed during the decomposition of plant residuals usually 

decrease with time but humic acid fractions increase with time (Aoyama, 1996; 

Chefetz et al., 1996); therefore, more fulvic acids can be produced by the aged 

manure than the composed manure. Because fulvic acids can form stronger 

complexes with Ni and Pb than other metals such as Zn, composted manure 

degradation is anticipated to have a greater impact on Ni and Pb than other metals. 

 

Conclusion 

The obtained results could be summarized as the following; 

There are some valuable important and beneficial scientific conclusions have been 

obtained from this column experiment with regard to mobility and removal of Ni 

and Pb from sandy and clayey soils. Applying high concentration of added element 

resulted in enhanced level of these elements in the leachate particularly after 40 

days of incubation. This proves that the adsorption process and element fixation 

occurs fast in the first stage, consequently the values of Ni & Pb in the leachate 

after 60 days are relatively lower than after 40 days. This increase in the cattle 

manure rate added to both types of soils (sandy and clayey) from 2, 4, and 6% 

resulted in higher concentrations of elements in the leachate. The soluble organic 

acids may combine with metal ions and from soluble complexes, which can be 

removed in leaching. Also these organic acids reduce soil pH and increase the 

solubility and mobility of these heavy metals from soils. Another role of the 

organic manure is increasing the surface area and cation exchange capacity of the 

soil particularly sand soil which effect the equilibrium between soluble and 

exchangeable metal ions. 

These experimental results can be a good indicator and valuable guide for 

remediation means of contaminated soils by heavy metals particularly the 

application of cattle manures is very beneficial to soil in improving soil structure 

and increasing the fertility of the soil. Therefore, it is considered as economical and 

available means to cognate the risk of toxic elements in soils. 
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