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EFFICIENCY OF MSW COMPOST FOR REDUCING  

UPTAKE OF HEAVY METALS BY PLANT 

Municipal solid waste (MSW) compost supplied from the Istanbul Solid Waste Recycling and 

Composting Facility was used to amend soil samples collected within the boundaries of Istanbul. Cat 

grass (Dactylis glomerata cat grass) seeds were sown in the prepared samples. Plant development was 

observed for 90 days. pH, Cd, Cu and Ni concentrations in plant samples were measured at the end of 

every month. Concentrations of forms of Cd, Cu and Ni forms in soil were determined at the beginning 

and at the end of 90 day period (with sequential extraction). The effect of MSW compost on the transfer 

of Cd, Cu and Ni from the soil to the plants and the change in the forms of heavy metals in soil was 

determined. Results of sequential extraction showed that, adding compost into the soil changed the 

forms of these metals in soil. Plant uptake of Cd decreased, however, those of Ni and Cu increased. Cu 

concentration in plants that grew in soil with 3 wt. % of compost added reached 136.4 µg/kg. 

1. INTRODUCTION 

Heavy metal pollution has raised serious environmental concerns worldwide. Bio-

accumulation of heavy metals, which do not undergo microbial or chemical degradation, 

poses long term risk to the ecosystem [1, 2]. Organic soil amendments such as composts 

are now established amongst in-situ methods instead of expensive and disruptive hard-

engineered ex-situ methods [3].  

Composting is an environmentally effective solid waste disposal method as it re-

duces domestic solid waste 50% by volume and weight and as the obtained compost is 

used as a soil improvement material in agricultural areas [4]. The use of compost ob-

tained from municipal solid wastes as soil enrichment substance for agricultural pur-

poses has advantages in terms of ecology and recycling of organic substances. However, 

certain heavy metals, especially Pb, Cd, Cu and Zn, are known to accumulate in soil 

structure during the use of compost for agricultural purposes. Contamination of soil with 
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these heavy metal compounds and uptake of toxic substances by plants causes various 

problems in terms of ecology. 

There is a large body of literature on the transfer of heavy metals in the composition 

of compost that is obtained from domestic solid wastes to plants [5–7]. Wu et al. [8] 

applied compost to rice plant in greenhouse environment and analyzed the uptake of Cd 

and Pb by the plants. The literature also contains studies involving EDTA assisted phy-

toextraction of heavy metals from municipal solid waste compost [9] and heavy metal 

removal from compost using zeolite [10]. Carbonell et al. [11] analyzed the transfer of 

heavy metals in compost by maize (Zea mays L.) plant and reported that Cu, Pb, Zn 

levels increased after adding compost. 

The aim of this study was to analyze the effect of the use of compost on the transfer 

of heavy metals in soil to the plant and metal mobility. MSW compost supplied from 

Istanbul Solid Waste Recycling and Composting Facility was used in the study. Soil 

samples were collected within the boundaries of Istanbul province. Tests conducted in 

pots aimed to determine the effect of MSW on heavy metal amounts that was transferred 

to cat grass plant. The study also determined the effect of MSW compost on the change 

of heavy metal forms in the soil. 

2. EXPERIMENTAL PROCEDURES 

Municipal solid waste (MSW) compost samples were obtained from the Istanbul Solid 

Waste Recycling and Composting Facility, Turkey. The soil used in the study was collected 

from a roadside area around Istanbul coastal road in Dragos (40°55′N, 29°8′E).  

 Characterization of soil and compost samples. For determining the pH values of 

the compost samples, distilled water was added to the samples at a 5:2 (v/w) ratio. The 

measurement of pH values were carried out using a pH meter (Jenway 3040 Ion Ana-

lyzer), after being mixed by a magnetic mixer for 10 min. For determining soil pH, 

a Jenway 3051 pH meter and SIS electrode were used. pH determination was carried in 

a 1:2.5 soil:water suspension.  

TS 8340 method was used to detect available P concentrations of compost samples 

analysed colorimetrically as molybdovanadophosphoric acid [13, 14]. The percentages 

of C, H, N and S in the compost and soil samples were determined using elemental 

analyser in the Advanced Analysis Laboratory (IAL) of Istanbul University. Samples 

were dried at 50 °C for 24 h and ground to a fine powder in a quartz mortar before the 

elemental analysis. The equipment specifications were as follows: Thermo Finnigan 

Flash EA 1112 Series Elemental Analysis device, temperature 900 °C; mobile gas He, 

burning gas O2.  

Soil and compost samples were air dried and then sieved to pass a 2 mm mesh for 

determination of total Ni, Cd and Cu concentrations. Trace element total concentrations 

http://toolserver.org/~geohack/geohack.php?pagename=Maltepe&params=40_55_N_29_8_E_type:city_region:
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were determined by ICP-OES (Iris Intrepid II XDL, Thermo Scientific in CEBAS, 

Spain) after microwave assisted (Ethos1, Milestone) aqua regia digestion. Accuracy was 

routinely checked by reference digests of standard reference soils (SRM 2711, CMI7004). 

The analytical precision that measured as relative standard deviation was routinely be-

tween 3 and 5%. 

 A sequential extraction was used to evaluate the distribution of Ni, Cd and Cu elements 

in various chemical fractions of the soil [15].The method included the following steps: 

1. 0.1 M CaCl2 (1:10, w/v) for 16 h: metals in soil solution and in exchangeable forms. 

2. 0.5 M NaOH (1:10, w/v) for 16 h followed by aqua regia digestion: metals asso-

ciated with organic matter (OM). 

3. 0.05 M Na2H2EDTA (1:10, w/v) for 1 h: metals which can be extracted by 

a strong chelator. 

4. Digestion with aqua regia: residual metals. 

Ni, Cd and Cu concentrations of extracts obtained at each stage were measured with 

Hach-Lange DR 5000 photometer, LCK 337 kit (measurement range 0.1–6 mg/dm3) was 

used for Ni; LCK308 kit (measurement range 0.02–0.3 mg/dm3) was used for Cd; LCK 

529 kit (measurement range 0.01–1 mg/dm3) was used for Cu. 

Determining metal contents in plant samples. In this study, the following symbols 

were used for the soil samples: original soil – OS, C – control (soil sample without 

seeds), soil without compost (soil sample that planted seeds) – C0, and soil samples with 

added 1 and 3% (v/v) of compost – C1 and C3, respectively. Samples C0, C1 and C3 

were placed in 400 cm3 plastic pots. No seeds were planted in two of the pots in which 

soil without compost was placed (control samples). 1 g of Dactylis glomerata cat grass 

seed was planted in other pots. Three pots were used for each treatment. All pots were 

regularly watered with distilled water. 

The plants that grew in pots were harvested 2 cm above the soil surface using stain-

less steel scissors at the end of each one month period. Plant samples were first washed 

with tap water and then two times with distilled water and dried in an incubator at 60 °C. 

Plant samples were prepared for analysis by applying microwave dissolution procedure 

(by adding 10 cm3 of HNO3 into 1 g sample). Then ICP-MS (Thermo-Elemental ICP-

MS-X Series) device was used to determine Ni, Cd and Cu concentrations in plant sam-

ples. All the analyses were done in duplicate and mean values were calculated. 

3. RESULTS AND DISCUSSION 

3.1. SOILS 

Characterization of soil and compost samples is presented in Table 1. Initial Ni, Cd 

and Cu concentrations in soil were found to be 44.64, 181.64 and 48.89 mg/kg, respec-

tively. Ni, Cd and Cu concentrations in the compost were found to be 28.00, 1.00 and 
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127.00 mg/kg, respectively. The concentration of Cd in this soil sample was very high 

(181.64 mg/kg). The average natural abundance of cadmium in the earth’s crust has 

been reported from 0.1 to 0.5 mg/kg. However, much higher and much lower values 

have also been cited depending on some factors. For example, phosphate fertilizers con-

tain from 10 to 200 mg/kg cadmium [16]. Herwijnen et al. [17] reported a high content 

of cadmium (128 mg/kg) in soil sample in their study. In our study, the sampling site 

had been used as an agricultural area for years, but now this site is in a city area. It is 

believed that, while this site was using for agricultural aim, phosphate fertilizers used 

for amending the soil and because of this, the Cd content of this soil sample is high.  

T a b l e  1  

Characterization of soil and compost samples 

Parameter Soil MSW compost 

pH 7.0 7.90 

EC, µS/cm 298.00 – 

Moisture, wt. % 3.15 16.00 

C, % 3.42 11.32 

N, wt. % 0.545 1.00 

TOC, g/kg 34.24 – 

H, wt. %  0.95 1.82 

Cd, mg/kg 181.64 1.00 

Cu, mg/kg 48.89 127.00 

Ni, mg/kg 44.64 28.00 

Available P, mg/kg 6.50 –s 

 

pH of soil should be considered one of the most important factors in the control of the 

mobility and bioavailability of metals in the soil. If the soil has high pH, a decrease of 

heavy metal mobility occurs due to the formation of precipitates, by increasing the number 

of adsorption sites and decreasing the competition of H+ for adsorption. In this situation, 

also the metal stability with humic substances is increased [18, 19]. 

T a b l e  2  

pH in soil-compost mixture in pots at the end of every period 

Treatment 0 days 30 days 60 days 90 days 

Original soil (OS) 7.0 – – – 

Control (C) 7.0 6.8 6.6 6.4 

C0 7.0 6.8 6.7 6.5 

C1 7.1 6.8 6.7 6.6 

C3 7.2 7.0 6.9 6.8 
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pH values of soil and soil-compost mixture in pots (Table 2) were measured at the 

end of every month. They tended to decrease slightly in time. However, as the amount 

of compost added to soil increased, this decreasing trend in pH values decreased and pH 

value was observed to remain around 7. Some authors [20, 21] also reported that pH 

decreased in time after adding compost to the soil and that this might result from the 

decomposition and the mineralization of the organic matter, which increased the CO2 

levels. However, this was reported to generally occur when pH of original soil is low 

and when higher amounts of compost are added [1, 22]. 

T a b l e  3  

C, H, Ni, Cd and Cu values in soil samples at the end of 90 day period 

Sample 

C 

[ wt. %] 

H 

[ wt. %] 

Ni 

[mg/kg] 

Cd 

[mg/kg] 

Cu 

[mg/kg] 

 OS 3.42 0.95 44.64 181.64 48.89 

C 4.67 1.26 44.64 181.64 48.89 

C0  2.90 0.98 44.64 181.64 48.89 

C1  1.82 5.18 44.71 181.65 49.22 

C3 2.65 0.96 44.86 181.65 49.87 

 

Herwijen et al. [17] reported that applying composts of various origin in soils con-

taminated with metals had different effects on different metals. The results of the study 

of Carbonell et al. [11] showed that MSW compost increased Cu, Pb and Zn contents in 

soil. In this study, analysis of total metal concentrations revealed that as the amount of 

compost added to soil samples increased, total metal concentrations for all analyzed 

metals (Ni, Cd, Cu) did not change (Table 3).  

T a b l e  4  

Concentrations of metals in various fractions of original soil and soil samples  

at the end of 90 day period (sequential extraction results) [mg/kg] 

Sample 

Soil solution  

in exchangeable 

forms 

Associated 

with OM 

Extractable 

with a strong chelator 
Residual 

Ni Cd Cu Ni Cd Cu Ni Cd Cu Ni Cd Cu 

OS 7.81 ND 10.28 13.44 143.62 15.16 12.77 ND 1.33 10.62 38.02 22.12 

C 7.69 ND 11.17 14.85 147.79 10.49 13.87 ND 1.65 8.23 33.86 25.58 

C0 7.84 ND 10.99 26.32 149.17 33.90 8.65 ND 0.70 1.83 32.48 3.30 

C1 7.80 ND 10.38 21.51 159.57 4.49 12.77 ND 1.10 2.62 22.07 33.25 

C3 7.73 ND 11.12 24.46 145.25 7.58 10.42 ND 1.01 2.24 36.40 30.16 

ND – not detected. 
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Analysis of various forms of nickel in soil revealed that Ni was associated with 

organic matter and that it can be extracted by a strong chelator (Table 4). It was found 

that he concentrations of Ni, which was initially 7.81 mg/kg in original soil, in soil so-

lution and in exchangeable form remained almost at the same level at the end of 90 day 

period in control soils in which no plants were grown and in soils in which compost was 

added and plants were grown. The concentration of Ni in associated with OM form was 

13.44 mg/kg in original soil, while this form of Ni approximately doubled in soils in 

which plants were grown (21.51–26.32 mg/kg). The concentration of the form of Ni that 

can be extracted by a strong chelator significantly decreased in soil without compost 

(C0) in which plants were grown (from 12.77 mg/kg to 8.65 mg/kg) while no significant 

variation was observed in other samples. The concentration of Ni in residual form sig-

nificantly decreased in samples in which plants were grown (from 10.62 mg/kg to  

1.83–2.62 mg/kg), however it almost remained unchanged in control sample (Table 5). 

Similarly, in studies carried out by Achiba et al. [18], it was reported that the concen-

tration of Ni in associated with OM form increased in soil that was treated with compost. 

This could be referred to the fact that Ni was present at much higher watersoluble levels 

in municipal solid waste compost [18, 23, 24]. 

T a b l e  5  

Heavy metal amounts in plant samples measured at the end of each period [mg/kg] 

Sample 
30 days 60 days 90 days 

Ni Cd Cu Ni Cd Cu Ni Cd Cu 

C0 8.68 0.12 39.98 5.01 0.12 29.25    

C1 11.85 0.17 49.22 20.23 0.30 94.96 8.46 0.19 23.38 

C3 12.18 0.16 79.14 14.15 0.24 40.98 35.03 0.34 136.4 

 

Liu et al. [25] reported that adding compost into contaminated soil reduced the mo-

bility of Cd and that compost can be used for remediation purposes. Carbonell et al. [11] 

showed that bioavailability of metals (for Cu, Pb and Zn) increased in soils that were 

amended with MSW compost. In this study, analysis of the concentrations of Cd re-

vealed that Cd was only found in associated with OM and residual form (Table 4). 

Cd contents in associated with OM form increased approximately by 12 mg/kg in C1. 

Furthermore, Cd concentration in residual form in this soil sample decreased by approx-

imately 12 mg/kg; in other words, Cd changed its occurrence from residual form to OM 

form (Table 4). Similarly, it was found in previous studies that the amount of Cd asso-

ciated with OM increased when compost was added to soil samples mainly in residual 

form in control samples [11, 18]. Bolan et al. [2] reported that if the pH value of soil is 

greater than 6, the activity of metal ions decreases and this has been referred to the 

increase in pH dependent surface charge on oxides of Fe, Al, and Mn, chelation by 

organic matter, or precipitation of metal hydroxides. In acidic soils, metal activity (for 
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Cd and Pb) was reported to decrease with the increase of pH [2]. Wu et al. [8] reported 

that Cd mobility decreased in soils that were amended with compost. 

Analysis of Cu concentrations showed that Cu changed from residual form to OM 

form in C0 soil samples. On the other hand, Cu changed from associated OM form to 

residual form in 1% of compost soil samples (C1) in which plants were grown. In soil 

samples with 3% of compost (C3), it was observed that the concentration of Cu in the 

form of associated OM was lower than the control sample (approximately 3 mg/kg), 

while the concentration in residual form increased approximately at the same level. Con-

sidering all soil samples, it was observed that Cu concentrations at exchangeable form 

did not show a significant variation (Table 4). On the contrary, in a study carried out by 

Achiba et al. [18], it was reported that adding compost into soil sample increased the 

concentration of Cu in OM form. Achiba et al. [18] also reported that amendment of 

contaminated soil with compost can increase metal mobility and leaching. Liu et al. [25] 

reported that adding compost into contaminated soil reduced metal mobility. The results 

of this study showed that OM associated forms of nickel and cadmium increased, how-

ever Cu changed into residual form after compost addition (Table 4). This can be at-

tributed to the fact that Cu amount in compost (127.00 mg/kg) was significantly higher 

than the amount in soil (45.00 mg/kg). 

Achiba et al. [18] and Pardo et al. [26] reported that increase of organic matter con-

tent in soil led to formation of insoluble organometallic complexes by the metals in the 

soil and reduced the mobility of these metals. In the same study, the authors reported 

formation of soluble metal complexes with soluble organic ligands (for example fulvic 

acids, amino acids) contained in soil. Pardo et al. [26] reported that organic amendment 

of soil did not cause a significant changes in the available fractions of metals. Our results 

showed that the amount of Cd and their OM associated concentrations were higher than 

those of Ni and Cu and that this can be attributed to the fact that Cd formed soluble 

metal complexes with dissolved organic ligands. 

3.2. PLANTS 

The tendency of uptake of metals such as lead, cadmium and zinc by plants increase 

by the increased concentrations of these metals in soil [27]. Shao-qi et al. [28], Karami 

et al. [7] and Wu et al. [8] found that transfer of metals from the soil that is amended 

with compost to the plants decreased. On the contrary, Carbonell et al. [11] reported that 

the contents of metals in soils and the amount that the plants can uptake increased after 

adding compost into the soil. 

All the plants in pots without compost died at the end of the 90 day period. An 

analysis of metal concentrations on plant samples showed that although Cd concentra-

tion in soil was significantly higher than other metals, the transfer of Cd to the plant was 

much lower when compared to other metals (maximum 0.34 mg/kg at the end of 90 day 

period) (Table 5). Chelating agents, such as ethylene-diamine tetraacetic acid (0.05 M 
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EDTA), have often been found to be more dependable in estimating the plant availabil-

ity of metals, because the chelating agents are more effective in removing soluble metal- 

-organic complexes that are potentially bioavailable [2]. The results of sequential ex-

traction revealed that Cd is found in soil in OM associated and residual forms (Table 4). 

Therefore, lower amounts of Cd are believed to be transferred to plant when compared 

to other metals (Ni and Cu). 

As the compost amount increased in plants that grew in pots with compost added 

soil samples, the amount of metals in plants (Ni, Cd, Cu) increased at the end of 90 day 

period (Table 5). Herwijen et al. [17] reported that immobilization and leaching of met-

als depend on the structure of metalorganic complexes. In another study, it was reported 

that adding compost into the soil can increase the mobility of some elements (As and 

Sb) or can reduce the mobility and uptake of some elements (Zn, Cu and Pb) [12]. The 

amounts of Ni and Cu that are transferred to the plant were higher than the amounts of 

Cd. It is believed that presence of Cd in soil in associated with OM form prevents trans-

fer of Cd to the plant. 

4. CONCLUSIONS 

It was observed in this study that as the amount of compost added to the soil in-

creased, total Ni, Cd and Cu concentrations increased as well. Results of sequential ex-

traction showed that concentrations of Ni which is initially associated with OM and can 

be extracted by a strong chelator form in the soil, in OM form in compost added soils 

increased, while the concentrations in residual form decreased at the end of 90 day pe-

riod. In other words, Ni became more mobile. The same condition is valid for Cd. As 

for Cu, it was observed that associated with OM form concentrations decreased, while 

the concentrations in residual form increased at the end of 90 day period. 

Cd, which was found in significantly high amounts in soil (181.64 mg/kg), was 

transferred to the plant at very low amounts. However, Cu amount identified in plants 

was observed to increase as the amount of compost added to the soil increased and that 

it accumulated in the plant in higher amounts than Ni and Cd. 

In conclusion, it was observed that MSW compost can be beneficial to prevent the 

transfer of Cd from the soil to the plant. However, since the used MSW compost con-

tained higher amounts of Cu (127.00 mg/kg) than the soil, it did not show the same 

effect on Cu. The transfer of Ni to the plant was higher when compared to Cd. This 

study indicates that amendment the soils that are contaminated with heavy metals using 

composts might not always produce positive results. Therefore, it can be recommended 

to use another soil amender (for example biochar) in combination with the compost.  
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