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Abstract 

Contamination of heavy metals has a negative impact on soil productivity and developing plans 

in many areas. Means and methods of remediation of such effect have to be seriously to avoid 

the hazardous impact of these heavy metals on all individuals of the environment. 

 Towards this objective a laboratory experiment has been conducted using two soil samples 

(sandy and clayey) mixed with various rates of cattle manure (2%, 6% and 10%). Zn solution has 

been added with concentrations of 200,400 and 600mgKg
-1

), while Cd solutions at a 

concentration of 2,4 and 6mgKg
-1 

). The prepared columns has been kept at field capacity 

moisture for periods from 20,40,60,80,100 and 120 days. 

The influence of the organic material on the mobility of Zn and Cd has been realized by the 

concentration of these elements in the leachate of each treatment. The obtained results reveal that 

the concentration of added metal has slight variation on the concentration of leachate particularly 

for Cd ions. Increasing the rate of applied compost from 2% to 10% in lanced greatly the 

mobility of both elements and consequently their concentration in the leachate. It is clear that the 

reaction and chemical processes between Zn and Cd the organic components have been occurred 

in the first stage of incubation (20days) because extended period to 120days has slight effect on 

the concentrations of metals in the leachate. Variations in the concentration of both elements are 

very clear comparing sandy and clayey samples, under all treatments. The increase of the 

leachate in sandy soil is attributed many to high porosity, low sorption capacity and low surface 

area. However Zn and Cd movement can be enhanced by water. Soluble organic compounds and 

decrease on soil pH and bicarbonate. 

According to the obtained results in this laboratory experiment, field application of organic 

manure free of heavy metals and other impurities can be followed using a rate of 6% or less, to 

be economically justified according to soil conditions and degree of pollution with heavy metals. 
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Introduction 

Soil heavy metal pollution poses a risk to the environment and to human health due to 

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

tropic levels (Roy and McDonald, 2014). Zinc and cadmium accumulation above threshold 

values in soil can cause phyto-toxicity, depending on the properties of soil. Soil heavy metals 

pollution has a pernicious effect on soil microbial properties as mentioned by Vacca et al (2012), 

also on the taxonomic and functional diversity. Corami et al (2008) stated that cadmium is a very 

toxic element for plants and animals and no essential biological functions were found until now. 

With respect human being, heavy metals can cause birth defects, mental retardation, cancer and 

many other equally affecting conditions. 

Major sources of heavy metals inputs to environment are mining, smelting and metallurgical 

industries, sludge disposal and agricultural practices (Horak and Friesl, 2007).  Nicholson et al 

(2003) added that cadmium may enter agricultural soils through atmospheric deposition and 

application of phosphate fertilizers and sewage sludge. 

Application of organic amendments can help in reducing the risk of heavy metals in 

contaminated soils, Paul et al (2006) 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. Similar results have been indicated  Hai Xia 

and Takayuk (2013) using sewage sludge mixture ratio of 20%, organic matter and humic 

substances concentration Cu and Cr leaching concentrations have highly linear correlation. Soil 

application of compost and vermi-compost decreased DTPA-extractable levels of heavy metals 

in the soil which indication to heavy metals immobilisation by humic substances (Angelova et 

al., 2013).    

Also Sarra  and Abutalib  (2014) found that compost addition significantly increased the sorption 

of cadmium, in linear correlation with the amount of compost added. Under contaminated soil 

conditions, Yassen et al (2007) found that application of Farm yard manure (FYM) significantly 

decreased Cd concentration (41to 31%) in spinach plant. In grain rice Cd content was 

significantly reduced by 27% by farm yard manure and 62% by farm yard manure mixed with 

lime, Kibria et al (2011). Burgos et al. (2006) concluded that the application of organic and 

inorganic amendment increased soil pH and total organic carbon content and decreased As, Cd, 

Cu, Pb and Zn, solubility. The results by Mostafa et al (2013) indicate mono and multi-metal 

sorption of Cd, Ni, and Zn enhanced  with increase in organic amendment as cow manure with 

rates 0, 25, and 50tons/ha. 

The objectives of this experiment: to assess the effect of compost application in various rates 

on the concentration of Cd and Zn in contaminated soil. Also the time incubation of compost in 

soil on the leachate of this heavy metal has to be taken into consideration.  
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Materials and Methods 

Two soil samples were collected from Wadi El-Natrun 100Km Cairo-Alex desert road (sandy 

soil) while the second was clayey from AL-Monufia Governorate. Particle size distribution was 

conducted using the International Pipette Method according to Gee and Bauder, (1986). Some 

chemical analyses were according to carried out “soil survey laboratory methods manual” USDA 

(2004). 

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

 
Soil property Sandy soil Clayey soil 

Fine sand% 10.44 6.83 

Coarse sand% 81.45 13.34 

Silt% 3.78 19.38 

Clay% 4.33 60.45 

Texture Sand Clay 

pH 1:5 7.35 7.52 

EC dSm- 1 1.75 2.09 

Organic matter% 0.32 1.12 

CaCO3% 1.13 1.56 

CEC Cmolkg- 1 12.65 63.74 

 

Table (2) : Some properties of the used composted cattle manure  

EC 

dSm- 1 

pH 

1:5 

OM 

% 

C 

% 
C:N 

N 

% 

P 

% 

K 

% 

2.13 7.50 44.89 15.23 12:1 1.77 0.67 2.89 

 

A synthetic metal solution of cadmium was prepared with different concentrations (2.0, 4.0 and 

6.0mg Kg-
1
) by dissolving cadmium sulphate in distilled water to obtain the desired 

concentrations. Zinc in the sulphate form was added at rate of concentration (200, 400and 600mg 

Kg
-1

 respectively). 

An incubation experiment was conducted to study the effect of compost on the mobility of Zn 

and Cd metals in the studied soils. Each column was made of a 20cm diameter PVC pipe and 40 

cm in length. Soils added to a depth of 40cm and mixed with the compost material. Composted 

cattle manure added at rates of 0, 2, 6 and 10% (a commonly cited application rate for 

remediation of soils). Table (2) shows some properties of the added compost. The cadmium and 

zinc solutions with a series of concentrations were added to the composted soil mixtures at 

laboratory temperature of about 25C
0
 for two incubation periods namely 60 and 120 days. Soil 

moisture kept constantly at field capacity by adding distilled water every day. After each 20 days 

from incubation period, soil in each plastic column was exposed for washing three times with 

quantity of distilled water equivalent to saturation percentage. The filtrates were collected and 

measured for zinc and cadmium by Atomic Absorption Spectro-photometery (AAS 200A Buck 

Scientific Model). 
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Results and discussion 

  

Data in table (3) indicate the concentration of Zn and Cd in the leachate of sandy soil after 60 

days of incubation with cattle manure. Obvious increase in the concentration of the elements 

compared to control particularly after 60 days. Applying different concentrations of the added 

metal (200,400 and 600mgKg
-1

  Zn) have slight increase of these metals in the leachate. 

The rate of compost incubated in the soil ( 2,4 and 10%) have a great impact on the mobility of 

Zn and Cd in soil (58.36mgKg
-1

 Zn compared to 98.48mgKg
-1

 (10% compost). Also Cd 

concentration in leachate increased from 0.092 to 1.597mgKg
-1

 with respect to 2% and 10%. 

Most of the reactions between organic compounds in soils and the two metals occurred in the 

first 20 days of incubation as obvious from the concentrations of Zn and Cd in the leachate after 

20,40 and 60 days. 

Table (3) Leachate of Zn and Cd (mgKg
-1

) from the sandy soil as influenced by the application 

of compost and the incubation for 60 days 

Conc. of metal Leaching intervals 

C
o
m

p
o
st

 

ra
te

%
 Conc. 

Zn 

mgKg-1 

 

Conc. 

Cd 

mgKg-1 

20 days 40 days 60 days 

Zn Cd Zn Cd Zn Cd 

C
o
n
tr

o
l 200 2.00 40.234 0.051 43.653 0.063 45.984 0.071 

400 4.00 41.253 0.055 44.656 0.065 46.313 0.076 

600 6.00 41.661 0.060 45.123 0.071 47.786 0.081 

Average 41.049 0.055 44.477 0.066 46.694 0.076 

2% 

200 2.00 50.782 0.077 54.324 0.082 56.782 0.088 

400 4.00 52.453 0.081 56.893 0.089 58.764 0.091 

600 6.00 53.897 0.088 57.671 0.092 59.536 0.097 

Average 52.377 0.082 56.296 0.088 58.361 0.092 

6% 

200 2.00 70.431 0.095 73.872 1.114 75.980 1.311 

400 4.00 74.853 1.147 76.851 1.267 78.963 1.354 

600 6.00 75.902 1.324 77.904 1.311 89.902 1.436 

Average 73.729 0.855 76.209 1.231 81.615 1.367 

10% 

200 2.00 93.762 1.512 95.244 1.546 97.891 1.571 

400 4.00 94.871 1.530 96.735 1.554 98.553 1.578 

600 6.00 95.984 1.542 97.641 1.623 99.024 1.643 

Average 94.872 1.528 96.540 1.574 98.489 1.597 

Regarding the figures in table (4) it is clear that the concentrations of Zn in the leachate of clayey 

samples are lower than those in sandy soil, regardless of rate compost and time of incubation. 

This can be attributed to the lower porosity of the clayey soils and the high cation exchange 

capacity and surface area of the clay which allow adsorption and fixation of these elements on 

soil particles. Increasing the concentration of Cd solutions to the soil (2,4 and 6mgKg
-1

) has 

slight impact on the leaching due to low mobility of this element in both sandy and clayey 

samples. 
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Table (4) Leachate of Zn and Cd (mgKg
-1

) from the clayey soil as influenced by the application 

of compost and the incubation for 60 days 

Conc. of metal Leaching intervals 

C
o

m
p

o
st

 

ra
te

%
 Conc. 

Zn 

mgKg-1 

 

Conc. 

Cd 

mgKg-1 

 

20 days 40 days 60 days 

Zn Cd Zn Cd Zn Cd 

 C
o

n
tr

o
l 200 2.00 30.324 0.031 33.541 0.035 36.461 0.038 

400 4.00 32.781 0.033 35.576 0.037 37.751 0.041 

600 6.00 33.546 0.035 36.241 0.039 38.231 0.043 

Average 32.217 0.033 35.119 0.037 37.481 0.041 

2% 

200 2.00 40.324 0.052 43.891 0.056 45.721 0.062 

400 4.00 42.465 0.055 45.678 0.061 46.856 0.065 

600 6.00 43.752 0.060 46.354 0.065 48.672 0.072 

Average 42.180 0.056 45.308 0.061 47.083 0.066 

6% 

200 2.00 60.345 0.082 64.235 0.092 67.367 1.015 

400 4.00 63.354 0.085 66.576 1.211 70.451 1.301 

600 6.00 65.781 0.088 70.432 1.278 72.346 1.363 

Average 63.160 0.085 67.081 0.860 70.055 1.226 

10% 

200 2.00 79.456 1.412 83.451 1.464 85.351 1.515 

400 4.00 80.461 1.443 84.931 1.475 86.532 1.545 

600 6.00 82.451 1.464 85.236 1.511 88.386 1.586 

Average 80.789 1.440 84.539 1.483 86.756 1.548 

 

 

These results are in agreement 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. Also Basta et al (2005) referred that 

Soil amendments like organic matter, iron oxides, and alkaline materials can reduce the mobility 

and availability of metals in soil by processes like adsorption, precipitation, complexation or 

combination of these processes.  

Under the same conditions of the experiment has been continued for 4 months and the 

concentration of Zn and Cd in the leachate of the composted soils have been determined, the 

obtained values are recorded in tables 4 and 5. Obvious increase in the concentration of both 

metals by enhancing the rate of compost 94.186mgKg-1 (2%) and 144.202 mgKg
-1

 (10%) for 

Zn. For Cd concentrations reached from 0.749mgKg
-1

 to 1.830mgKg
-1

. The increase of leached 

elements due to continued incubation from 80 to120 days considerably limited particularly in 

sandy soil. 
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Table (5) Leachate of Zn and Cd (mgKg
-1

) from the sandy soils as influenced by the application 

of compost and the incubation for 120 days  

Conc. of metal Leaching intervals 

C
o

m
p

o
st

 

ra
te

%
 

 

Conc. 

Zn 

mgKg-1 

 

 

Conc. 

Cd 

mgKg-1 

80 days 100 days 120 days 

Zn Cd Zn Cd Zn Cd 

C
o

n
tr

o
l 200 2.00 70.326 0.091 72.651 0.396 75.387 0.487 

400 4.00 72.463 0.132 74.647 0.412 77.734 0.523 

600 6.00 73.551 0.234 76.365 0.565 79.463 0.631 

Average 72.113 0.152 74.554 0.458 77.528 0.547 

2% 

200 2.00 92.453 0.735 95.435 0.760 97.638 0.784 

400 4.00 94.732 0.750 96.348 0.781 99.648 0.791 

600 6.00 95.372 0.763 98.452 0.788 101.342 0.834 

Average 94.186 0.749 96.745 0.776 99.543 0.803 

6% 

200 2.00 115.341 1.551 117.241 1.645 120.461 1.663 

400 4.00 116.354 1.612 119.235 1.680 122.367 1.781 

600 6.00 118.582 1.671 123.569 1.688 128.452 1.788 

Average 116.759 1.611 120.015 1.671 123.760 1.744 

10% 

200 2.00 140.572 1.812 146.983 1.845 156.672 1.867 

400 4.00 144.382 1.833 149.537 1.872 154.827 1.881 

600 6.00 147.651 1.845 152.621 1.886 160.252 1.901 

Average 144.202 1.830 149.714 1.867 157.250 1.883 

Comparing the figures in table 6 concerning the clayey soil, it is clear that mobility of Zn and Cd 

is limited and consequently the concentrations in the leachate are lower than the sandy soil. 

Table (6) Leachate of Zn and Cd (mgKg
-1

) from the clayey soil as influenced by the application 

of compost and the incubation for 120 days  

Leaching intervals Clay soil 

C
o
m

p
o
st

 

ra
te

%
 

 

Conc. 

Zn 

mgKg
-1 

 

Conc. 

Cd 

mgKg
-1 

80 days 100 days 120 days 

Zn Cd Zn Cd Zn Cd 

C
o

n
tr

o
l 200 2.00 61.365 0.071 64.542 0.089 66.635 0.153 

400 4.00 63.373 0.081 65.463 0.123 68.472 0.172 

600 6.00 64.627 0.112 67.467 0.156 70.367 0.192 

Average 63.122 0.088 65.824 0.123 68.491 0.172 

2% 

200 2.00 80.356 0.412 83.573 0.525 85.478 0.612 

400 4.00 82.476 0.482 85.732 0.580 87.437 0.650 

600 6.00 84.762 0.534 86.467 0.592 89.348 0.689 

Average 82.531 0.476 85.257 0.566 87.421 0.650 

6% 

200 2.00 97.526 1.012 100.625 1.341 103.561 1.536 

400 4.00 99.435 1.332 102.725 1.463 105.723 1.588 

600 6.00 101.356 1.552 104.345 1.580 108.356 1.601 

Average 99.439 1.299 102.565 1.461 105.880 1.575 
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Days

C
o

n
c
.o

f 
Z

n
 m

g
K

g
-1
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n
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c
h

a
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C
o

n
c
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Z

n
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g
K

g
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 i
n
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a
c
h

a
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0
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Days

C
o

n
c
.o

f 
C

d
 m

g
K

g
-1

in
le

a
c
h

a
te

0 25 50 75 100 125 150
-1

0

1

2

3
Control

Compost 2%

Compost 6%

Compost10%

Days

C
o

n
c
.o

f 
C

d
 m

g
K

g
-1

 i
n

le
a
c
h

a
te

0 25 50 75 100 125 150
-1

0

1

2
Control

Compost 2%

Compost 6%

Compost 10%

10% 

200 2.00 125.647 1.721 129.362 1.788 135.637 1.801 

400 4.00 127.354 1.755 131.356 1.821 138.467 1.861 

600 6.00 130.461 1.788 135.253 1.863 145.356 1.892 

Average 127.821 1.755 131.990 1.824 139.820 1.851 

 

McBride (1995) referred to the mechanism of the organic matter in composts usually has high 

binding capacity towards cations of heavy metals by the formation of coordinate complexes or 

ion exchange between soil solution and solid phase. Similar results have been found by Pelzer 

(1987) reveal that high clay levels lowered downward movement of Pb and Ni. 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. 

The influence of incubation time from 20 to 120 days as indicated by the concentrations of both 

Zn and Cd in sandy and clayey samples has been illustrated in figures 1, 2, 3 and 4. 

 

 

      

   

 

 

 

Fig. (1): Concentration of Zn in leachates of sandy soils                   Fig. (2): Concentration of Zn in leachates of clay soils    

for 120days as influenced by different rates of compost                    for 120days as influenced by different rates of compost    

 

 

  

 

 

 

 

  Fig.  (3): Concentration of Cd in leachates of sandy soils           Fig. (4): Concentration of Cd in leachates of clay soil 

  for 120days as influenced by different rates of compost             for 120days as influenced by different rates of compost 
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The aforementioned results of Fig 1, 2, 3 and 4 indicate 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. The concentration of Zn and Cd in all different rates of 

compost added to soil were higher at four months of incubation than at first day of incubation 

probably due to degradation of the organic matter and release of the Zn and Cd which were 

complexed with organic matter in the first incubation period. 

Conclusion 

The problem of pollution in air or water or soil impose hazardous impact on the quality of 

environment. Contamination of soil by heavy metals may occur through direct or indirect sources 

depending on many factors. 

The presence of heavy metals such as Zn and Cd in soil media can be uptaken by plants and 

causes phytoxicity and low productivity. These heavy metals can be invading to human being 

through food chain and causes several health risks and harmful diseases. 

Therefore, many approaches and experiments have been conducted, by many scientists to 

compete the accumulation of heavy metals and to avoid the negative effect of them. Application 

of organic matter in various farms, to the contaminated soil with heavy metals has been 

suggested in pervious review. 

According, a laboratory experiment has been carried out using columns packed with cattle 

manure compost mixed with the sandy and clayey samples and treated with various 

concentrations of Zn and Cd and incubated for intervals from 20 to 120 days. 

The concentration of heavy metals (Zn and Cd) in the leachate of the composed samples leads to 

the following conclusions: 

- Slight variations due to concentration of metal added (i.e. 200,400 and 600 mgKg
-1

 Zn and 2,4 

and 6 mgKg
-1 

Cd. 

- The rate of applied compost has a great effect on the mobility of both elements particularly 

10% ratio. 

- Most of the reactions between the compost compounds and heavy metals occurred after 20 

days of incubation and period to 120 days has as a slight influence. 

- Comparing the results of sandy and clayey samples indicate that adsorption of these elements 

in clay particles, high in CEC and surface area, impede the mobility of these elements and low 

concentration in the leachate. 
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Filed application of these obtained results can be conducted as a mean of remediation of 

polluted soil with Zn and Cd. However the rate of application of the compost at 10%, mostly 

not justified from economical point of view, and can be reduced to 6% or less according to soil 

conditions. Another point has to be taken into consideration about the source and quality of 

compost( free or low in heavy metals).  
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