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ABSTRACT 
The present study examines feasibility of using 10 to 25 years old waste from three dumps of India (located at Delhi, 
Hyderabad and Kadapa) as fill material in earthwork projects. It focuses on the release of dark colored leachate from 
soil-like material (SLM) reclaimed from aged MSW when water percolates through it. This aspect of release of dark 
colored leachate from mined SLM has not been reported in the literature. However, if the material is to be used in 
filling low lying areas or in embankments or subgrade, the leaching of colored liquid can cause colortion of the 
surrounding water bodies and ground water.  
To analyse the release of colored leachate, SLM was mixed in an appropriate ratio with ultrapure water and was 
stirred for 30 minutes at 200 rpm in rotary shaker. Then, it was allowed to settle down for 24 hours. After 24 hours, it 
was decanted through Whatman filter paper No. 42. It was further centrifuged for 15 minutes at 10000 rpm and then 
the intensity of color was measured using Tintometer.  
Local soil was used as a base material for comparison of results. Mined soil-like material from MSW releases dark 
and objectionable color of leachate.  The intensity of color of leachate from mined SLM is found to range between 
380-400 Hazen, 460-480 Hazen and 900-1000 Hazen in the samples from Delhi, Kadapa and Hyderabad landfill 
respectively. In contrast, the intensity of color in water released from local soil varies between 25-30 Hazen. 
The study concludes that small amount of mined SLM requires large quantity of water (70-100 times) for washing the 
material before the intensity of color reduces to acceptable level thereby demonstrating the potential to significantly 
impact nearby ground water wells. Thermal treatment is observed to be reducing the color to acceptable level before 
reuse.  
 
 
 
1 INTRODUCTION 
 
Open dumps pose numerous health, safety, and 
environmental threats. Some of these threats are: fire, 
contamination of streams, rivers and lakes, soil and 
groundwater, drinking water due to the migration of 
leachate into subsoil, inhalation of toxic gases, disease 
carried by mosquitoes, flies and rodents, damage to 
plant and wildlife habitats, decrease in the quality of life 
of nearby residents and the local community. 
Groundwater contamination has been reported 
numerous times in literature (Mor et al., 2006). 
Municipal solid waste (MSW) management is one of the 
most challenging tasks for local municipalities across 
the world. Reclamation of the dumps/landfills having 
huge quantities of decades-old garbage (aged waste or 
legacy waste) in an environmentally sound manner is 
one of the major challenges faced by the developing 
nations in general and in particular by urban local 
bodies in India (Somani et al., 2018). Landfill mining is 
one of the possible alternatives for reducing 
accumulated old waste at a dump and reclaiming the 
site for other purposes or expanding landfill capacity.  

Landfill mining of aged waste is a new approach 
used for reducing accumulated old waste at a dump 
and reclaiming the site for other purposes or expanding 
landfill capacity (Somani et al., 2017). Landfill mining is 
an approach whereby solid waste that has previously 

been landfilled is excavated and processed. The waste 
which has been deposited for years and decades can 
be mined for reuse, recovery, and recycling. The 
products of landfill mining are:  (a) oversized stones and 
debris; (b) compostable material; (c) combustible 
material; (d) soil like material. Soil like material is the 
predominant product.  

Aged waste may be defined as the MSW that has 
been disposed of in an unlined dumpsites more than 10 
years ago. Several such dumpsites in India are more 
than 20-30 m high and 10 to 30 years old. Soil-like 
material (SLM) in the present study has been defined 
as the fraction of aged MSW passing 4.75 mm as per 
standard of practice from geotechnical perspectives. 
From the grain size distribution, it was found that 55-60 
% of aged MSW lies below 4.75 mm. The high soil-like 
content in the aged MSW is likely the result of daily 
covering soil, street sweepings, drain silt and 
construction and demolition (C&D) waste along with the 
humification of organic matter in the fresh MSW 
(Parrodi et al., 2017). 

Critical aspects before re-using aged MSW in 
earthworks are identified as follows: organic content; 
total dissolved salts; release of dark colored leachate; 
heavy metals. In this study, attention is focused on 
“release of dark colored leachate” from the aged MSW.  
This study deals with the aged MSW collected from 
three dumpsites of India located at Delhi, Hyderabad 
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and Kadapa. The present study is aimed at assessing 
the release of dark colored leachate before using the 
fine fraction of mined material as earthfill. The aspect of 
release of dark colored leachate from mined soil-like 
material has not been reported in the literature. 
However, if the material is to be used in filling low lying 
areas or in embankments or subgrade, the leaching of 
colored liquid can cause coloration of the surrounding 
water bodies and ground water. It may have aesthetic 
issues.  
 
 
2 MATERIAL AND METHODS 
 
2.1 Site description and landfill mining details  
 
The material used in this study was collected from the 
old dumpsites located in Delhi, Hyderabad and Kadapa. 
All these sites were developed before current 
regulations (MSWM rules 2000 and 2016) were in 
place. Table 1presents the general information about all 
the three dump sites. 
 
 

Table 1. General information about all the landfills 
 

Landfill 
Started 

in 
Area 
(acre) 

Height 
(m) 

Quantity 
of waste 

(MT) 

Delhi landfill 1994 40 65-70 6 million 

Hyderabad landfill 1999 350 N.A. N.A. 

Kadapa landfill 1965 10 10-12 
0.2 

million 

 
 

The samples were collected and segregated 
between December, 2016 and February, 2017 from the 
all the three landfills. Samples were taken from a depth 
of 4-5 m from Delhi and Hyderabad dump sites as 
shown in Fig. 1. However, at Kadapa dumpsite capping 
was underway. So, samples were collected from 
stockpiles of mined and segregated waste. From Delhi 
landfill, samples were collected from three locations and 
from Hyderabad landfills samples were collected from 
two locations. All the collected samples were screened 
at the site and then sealed in separated pre-cleaned 
polythene bags and stored in cooling cabinets. 
Fig. 1 shows the excavation of aged waste from Delhi 
landfill. After excavation waste is further processed 
through the set of sieves available at the site. Similar 
process was followed for Hyderabad landfill. The 
screening of waste performed at the Delhilandfill site is 
shown in Fig. 2. The sieves used in the present study 
are 80 mm, 50 mm, 20 mm and 4.75 mm. From on-site 
grain size distribution, it was observed that 40-50 % fall 
below 4.75 mm.  
 
2.2 Laboratory characterization for color study 
 
The present study is focused on the mined material 
finer than 4.75 mm. The methodology adopted to 
analyze the color of water leached out from soil-like 
material is as follows: 
 10 g of oven dried material was diluted in 100 ml of 

water. 

 It was shaken for 30 minutes at 200 rpm in a 
mechanical rotary shaker. 

 Then, it was allowed to settle down for 24 hours. 
 After 24 hours, the solution was filtered through 

Whatman filter paper no. 42. 
 
 

 
Figure 1 Sample excavation from Delhi landfill 

 
 

 
Figure 2 Screening of waste at Delhi landfill 
 
  
 Filtrate was further centrifuged for 8 min. @ 8000 

rpm. 
 The intensity of color of the filtrate was measured by 

Lovibond Tintometer. 
 
 

3 RESULTS AND DISCUSSIONS 
 

3.1 Release of colored leachate  
 
To measure the intensity of colored leachate from aged 
MSW, the SLM was first heated at 60oC till constant 
weight and then the test was performed as per the 
procedure mentioned in section 2.2. The intensity of 
color on Hazen scale was found as shown in Table 2. 
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Fig. 3 presents the color of leachate released by the 
SLM from aged MSW. It can be observed that the color 
released by SLM in comparison with the color released 
by local soil is dark brown. The color of the water 
leached out from local soil appears to be clean and 
transparent whereas the color released by reclaimed 
material is darker and objectionable. The intensity of the 
leached color to some extent can be correlated with the 
organic content of the SLM.  

 
 

 
Figure 3 Color of leachate released by SLM 
(L to R: Delhi location 1, Delhi location 2, Delhi location 
3, Hyderabad location 1, Hyderabad location 2, 
Kadapa, Delhi silt) 
 

 
Table 2. Intensity of color released from SLM collected 
from all the landfills 
 

S.No. Name of Landfill Intensity of color 
(Hazen scale) 

1. Delhi landfill  
(Location 1) 

375±7 

2. Delhi landfill  
(Location 2) 

712±7 

3. Delhi landfill  
(Location 3) 

288±10 

4. Hyderabad landfill 
(Location 1) 

925±25 

5. Hyderabad landfill 
(Location 2) 

740±30 

6. Kadapa landfill 475±10 

7. Local soil  
(Delhi silt) 

25±3 

8. Ultra-pure water 2±1 

 
 

Table 3. Organic content 

S.No. Name of Landfill Organic content (%) 

1. Delhi landfill  
(Location 1) 

8.80±0.4 

2. Delhi landfill  
(Location 2) 

4.07±0.08 

3. Delhi landfill  
(Location 3) 

7.30±0.07 

4. Hyderabad landfill 
(Location 1) 

15.26±0.28 

5. Hyderabad landfill 
(Location 2) 

8.52±0.23 

6. Kadapa landfill 6.55±0.16 

7. Local soil  
(Delhi silt) 

1.12±0.03 

 
The organic content was analyzed by loss on 

ignition at 550oC and is presented in Table 3. 
From Table 3, it can be observed that the intensity 

of color depends upon the organic content to some 
extent. The organic content in local soil was found as 

least with respect to the soil derived from aged MSW 
and hence the intensity of color was also found as very 
low i.e. 25 Hazen whereas the intensity of color was 
found as 700-900Hazen in SLM from Hyderabad landfill 
which is having high organic content of about 15 %. 
However, in SLM from location 2 of Delhi landfill, 
organic content was found less in comparison to SLM 
from other landfills but still intensity of color was found 
higher. Therefore, it can also be inferred that the 
release of color also depends on the type of organic 
content.  
 
3.2 Influence of infiltrating pore water on the 

intensity of color 
 
To analyze the influence of infiltrating pore water on the 
intensity of release of color, the SLM was washed 
several times with distilled water and the change in the 
color of the leached water is observed as shown after 
every washing in Fig. 4. The operation of washing was 
performed for 12 times. During the first washing the 
intensity of color ranged as 350-500 in case of Delhi 
landfill while after 5th and 6thwash, it reduces to 150 
Hazens there after slowly reduces and becomes 
constant. 
 
 

 
 
Figure 4. Change in the color of water after repeated 
wash 
 

From Fig. 3, it can be observed that large quantity of 
water is required to bring down the intensity of color 
within the lower limit. Table 4 shows the amount of 
water required to wash 1 g of soil-like material to reduce 
the intensity of color of leached water.  

 
Table 4. Water required to wash 1 g SLM to reduce 
intensity of color 
 

Name of Landfill 

Quantity of water required to 
reduce color of water (ml) 

Below 100 
Hazen 

Below 50 
Hazen 

Delhi landfill 
(Location 1) 

72 115 

Delhi landfill 70 120 
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(Location 2) 
Delhi landfill 
(Location 3) 

58 105 

Hyderabad landfill 
(Location 1) 

105 Became 
constant after 

10th wash 
Hyderabad landfill 

(Location 2) 
98 

Kadapa landfill 55 85 
Local soil 
(Delhi silt) 

Already found as 25 Hazen 

 
 

3.3 Influence of thermal treatment on the intensity of 
color 

 
To measure the influence of heating on the intensity of 
colored leachate released from aged MSW, the SLM 
was heated todifferent temperaturesfor 2 hours 
durationstartingfrom 60oC at regular interval till the 
leachate become colorless. It was found that after 
heating SLM to 500oC, the leachate become colorless. 
Release of colored leachate was also observed without 
heating SLM and also after air drying at room 
temperature for 3 days. The intensity of color in the 
leachate released by SLM without heating/air drying 
was observed less in comparison to the leachate 
released by SLM with heating/air drying as shown in 
Table 5. The intensity of color on Hazen scale was 
found as shown in Fig. 5. 
 
 
Table 5. Comparison of intensity of color with and 
without heating 
 

Particular 
Intensity of color (Hazen unit) 

Delhi 
Location 1 

Delhi 
Location 2 

Delhi 
Location 3 

As 
received 

120 307 105 

Air drying 223 502 202 

After 
heating 
at 60oC 

227 753 202 

 
 

Fig. 5 shows the intensity of color in the SLM 
collected from all the landfills, it can be seen that after 
heating the material at 500oC if water is percolated 
through the SLM then the color is negligible. It was 
found that after the initial round of heating, the intensity 
of color increases and peaks around 300oC; the release 
of color was maximum at this temperature. 
 

 
 

Figure 5 Variation of color after thermal treatment 
 
 
4 CONCLUSIONS  
 
Concerns about the color of the water leached out from 
soil-like material mined from dumps has not been 
reported in the literature. However, if the soil is used in 
filling low lying areas or in embankment or subgrade, 
the leaching of colored liquid may cause coloration of 
the surrounding water bodies and may also have 
aesthetic issues. Public perception is one of the biggest 
challenge.  

Results reveals that small amount of soil cause 
large amount of pore fluid (70-100 times) throughput to 
become colored thereby having significant impact 
especially on ground water wells. For color to be 
washed out of the soil, it may take several years as 
large quantity of water is required to dilute/remove the 
color. 
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