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Abstract— Experiments were performed to study the 

removal of heavy metals from waste water treatment plant 

sludge by soil washing method. Increasing release and 

accumulation of heavy metals in soil by industrial and other 

human activities pose serious threat to the functioning of the 

components of ecosystems, viz., biota, air, water and soil. 

Heavy metals are known to cause significant environmental 

damage and human health problems due to their mobility 

and solubility. Soil washing technology is the most efficient, 

easy to operate and simple method for treatment of soils 

contaminated with heavy metals. Soil washing is one of the 

most suitable in-situ/ ex-situ remediation method in 

removing heavy metals .To increase the performance of soil 

washing various chemicals can be added, such as 

Ethylenediaminetetraacetic acid disodium salt (Na2EDTA) 

solution were used as extractants. Sludge samples were 

subjected to chelant extraction using a solution of disodium 

salt of Ethylenediaminetetraacetic acid (Na2EDTA). In this 

paper an attempt has made to evaluate soil washing 

technology for heavy metal removal i.e zinc from the 

contaminated sludge by optimizing the parameters like 

reaction time and EDTA concentration. Zinc removal 

efficiency was found to be dependent on contact time, 

EDTA concentration and their initial concentrations in 

contaminated soils.  The results showed that removal 

efficiency of zinc were maximum using EDTA (0.1M) is 

40-50%.This paper also describes the development of a 

bench scale model and results obtained from these bench 

scale tests. These test showed that the new soil washing 

process can remove the heavy metals from sludge 

economically and efficiently. The experiment was carried 

out to study the removal of heavy metals from sludge 

obtained from waste water treatment plant by soil washing 

method for land application. 
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I. INTRODUCTION 

Soil is comprised by air, water, organic matter, living 

organisms and mineral particles. Generally, contaminants in 

the soil are chemically attached to or physical trapped into 

soil structure particles.  Soil pollution mainly with heavy 

metals is widespread across the globe and threat in many 

countries today. Metals are one of the most precious 

commodities on the global market. Production and demand 

of these metals has exponentially risen over the centuries. 

The term heavy metal refers to any metallic chemical 

element that has a relatively high density and is toxic or 

poisonous at low concentrations. Heavy metal is relatively 

dense metal or metalloid that is noted for its potential 

toxicity, especially in environmental contexts. Heavy metals 

cannot be degraded or destroyed. Toxic heavy metals are 

found naturally in the earth and become concentrated as a 

result of human caused activities. Due to rapid 

industrialization, increased urbanization, inappropriate 

waste disposal method and modern agricultural practices it 

has become a major environmental concern in many parts of 

the world. They enter animal, plant, and human tissues via 

inhalation, manual handling and diet, and it can bind to, and 

interfere with the functioning of vital cellular components. 

Heavy metals are dangerous because they tend 

to bioaccumulate. Soil washing is the best method that has 

shown very high efficiency for heavy metal removal from 

soils and sludge. Soil washing is a mechanical process that 

uses liquids to remove pollutant from the soil. 

Decontamination can also be accomplished through soil 

washing process. Soil washing is a treatment process used 

for remediating both organic and inorganic chemical 

constituents from contaminated soils and sludges. This 

process is effective for removal of non halogenated volatiles 

and halogenated volatiles. To increase the performance of 

soil washing various additives can be added such as acids, 

chelating agents, bases, oxidizing agents, electrolytes and 

surfactants. 

II. MATERIALS AND METHODS 

A. SLUDGE:  

The sludge samples were collected from Waste Water 

Treatment Plant situated at Bhagwanpur, Varanasi U.P. 

(India).The collected samples were air dried at room 

temperature. The soils sample were sieved by using 2.36mm 

sieve to remove stones and large particles, and then 

thoroughly mixed with hand to ensure uniformity. The 

sludge sample was then dried overnight in an oven at 110 

°C. The sample stored in a tray at room temperature for 

further experiments.  

 
Fig. 1: Sludge 

Characteristics Test Method Value 

OMC (%) I.S:2720  (Part6):1972 38 

MDD (%) 
I.S:2720 

(Part10):1991 
1.088 

Silt size I.S:2720 (Part 4):1985 
0.006 – 0.1 

mm 

Atterberg  

Limits 
I.S:2720(Part5):1985 Non-plastic 

Table 1: Properties of Sludge 

B. Chelating Agent:  

A chelating agent is a substance whose molecules can form 

several bonds to a single metal ion. In other words, 
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a chelating agent is a multidentate ligand. A chelant is a 

ligand that contains two or more electron-donor groups so 

that more than one bond is formed between the metal ion 

and the ligand. Chelating agents are generally used to 

remove heavy metals from soils, but the particular reagent 

needed can depend not only on the heavy metal involved but 

also on the specific metal compound or species involved. 

Ethylenediaminetetraacetic acid disodium salt, is a 

very effective chelating agent. Its ability to bind heavy metal 

ions can be used to sequester these trace metals, is very 

stable and can be mixed with just about any phosphate 

containing fertilizer at basically any pH. It is very resistant 

to microbial degradation; therefore it remains quite stable in 

soils. 

C. Bench Scale Model:  

Bench scale model was designed and fabricated at the 

University of Illinois at Chicago. This model was used to 

verify the remedial efficiency of the soil washing process on 

larger scale. The bench scale model was able to process up 

to 5 kg of contaminated soil at a time. Bench scale model is 

very easy to operate, simple and cost efficient. 

The model consists of a tumbler composed of PVC 

material. The model is 12 inch. in diameter and 3ft. in length 

and can be capped at both ends. The bottom capped is 

permanently sealed and has a PVC valve attached to it for 

efficient removal. The top cap is removable so that the soil 

and wash solution is placed inside the tumbler. The tumbler 

is placed on inclined stand for actual operation. The stand is 

constructed of aluminum perforated angles with bolted 

connections. Additional tumbler support that is rigidly 

attached to frame is supplied by a rotating wheel. The rods 

are attached to the structure by pillon blocks so that they can 

rotate freely. One rod has 2 inch pulley facilitating a belt 

which is driven by a variable speed D.C motor. 

 
Fig. 2: Bench scale model 

D. Soil washing Procedure:  

The soils sample were sieved by using 2.36mm sieve to 

remove stones and large particles, and then thoroughly 

mixed with hand to ensure uniformity. The sludge sample 

was then dried overnight in an oven at 110 °C. Weight 1kg 

of dried sludge sample and placing contaminated sludge into 

tumbler and 3000ml of EDTA solution.  EDTA disodium 

salt is chosen for the experiments.  In the experiment, four 

different concentrations of EDTA at (0.005, 0.01, 0.05, and 

0.1M) and HCl concentrations were (0.05, 0.1,0.5 and 1) M 

and  pH values of the five HCl solutions were (2 

,1.7,1.44,1.16 and 1.08) for 1,2,4,6,8 hr respectively. Then 

the solution is filtered using a whatman No 42 filter paper. 

The supernatant was analyzed for heavy metal using atomic 

absorption spectrometry. 

III. RESULTS AND DISCUSSIONS  

A. Effect of Time 

Extraction time plays a very important role in soil washing. 

The percentages of removal of (Zinc) were determined using 

Na2EDTA solutions. Heavy metals were estimated at 

different contact times (1, 2, 4, 6 and 12 hr) keeping the 

other parameters (pH, extractant concentration, and agitation 

speed) fixed. Metal removal efficiency by chemical 

extraction process depends on soil geochemistry (soil 

texture, cation exchange capacity, organic matter, particle 

size, and large surface area of contaminated soils allow 

extract of pollutants). 

Different concentrations of EDTA were used and 

the extraction results are shown. The removal efficiency of 

Zinc increased with increasing EDTA concentration from 

0.005 to 0.1M. The removal of Zinc varies from 20 % - 

50.00 %. 

B. Zinc Removal Efficiency at EDTA 0.005M 

At EDTA 0.005M there is 20% -25% removal of zinc of 

from sludge sample. 

 
Fig. 3: EDTA 0.005M 

C. Zinc Removal Efficiency at EDTA 0.01M  

At EDTA 0.01M there is 25% -30% removal of zinc of from 

sludge sample. 

 
Fig. 4: EDTA 0.01M 
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D. Zinc Removal Efficiency at EDTA 0.05M 

At EDTA 0.05M there is 30% -40% removal of zinc of from 

sludge sample.  

 
Fig. 5: EDTA 0.05M 

E. Zinc Removal Efficiency at EDTA 0.1M 

At EDTA 0.1M there is 40% -50% removal of zinc of from 

sludge sample. 

 
Fig. 6: EDTA 0.1M 

F. Effect of Extractant Concentration  

Chelating agent modify metal concentration in soil solution 

by forming various soluble complexes, thus enhance metal 

removal (Reddy and Chinthamreddy, 2000). Different 

concentrations (0.005, 0.01, 0.05 and 0.1M) of Na2EDTA 

were used in the present study. The soil washing with 

Na2EDTA extractant was at pH=4. High concentrations 

achieved acidic medium which is essential for the 

movement of pollutants and ease of transmission and 

exchange of ions with washing solutions.  

 
Fig. 7: Extractant Concentration 

IV. CONCLUSION 

Today most of the sewage sludge produced during 

municipal effluent treatment has been used in agriculture or 

disposed off in landfills, or via incineration. However, there 

are several factors restricting these options, such as the 

accumulation of undesirable substances to sludge (e.g., 

heavy metals, pathogens and organic pollutants) which 

potentially passes to food-chain. Therefore agricultural use 

is increasingly regarded as an insecure handling route. soil 

washing is very simple, cost effective and easy method. Soil 

washing is the best method that has shown very high 

efficiency for heavy metal removal from soils and sludge. 

Soil washing is a treatment process used for remediating 

both organic and inorganic chemical constituents from 

contaminated soils and sludges. Effectiveness of soil 

washing depends upon contaminants that it contains and the 

type of soil. This process is effective for removal of non 

halogenated volatiles and halogenated volatiles. To increase 

the performance of soil washing various additives can be 

added such as acids, chelating agents, bases, oxidizing 

agents, electrolytes and surfactants. Removal of heavy 

metals increases with increasing chelating agent 

concentration in wash solution.  
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