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ABSTRACT

As a result of liberalization, privatisation, and globalization policies in India, industrialization,
and urbanization progressed rapidly. This led to an increase in the number of growing cities. In
these growing cities, waste generation has increased. Handling the waste had been a great
challenge for them. Segregation of wastes and composting of organic waste, along with
appropriate disposal of non-biodegradable waste according to its nature, is a sustainable solution.
In the current situation, since municipal solid waste contains heavy metals, these metals are also
present in the resulting compost. When compost containing heavy metals and other contaminants
are used in agriculture, they can impact soil fertility, human health, and the environment. For this
study, 32 developing cities in Tamil Nadu were selected and thirty-two samples were taken from
their RRP (Resource Recovery Park). This study reveals the extent to which four heavy metals, lead
(Pb), cadmium (Cd), chromium (Cr), and nickel (Ni), are present in the compost, Atomic
Absorption Spectroscopy (AAS) was used to determine the levels of these heavy metals. The levels
of the four heavy metals are below the maximum limits set by the government. However, 85.5 mg/
kg of lead in Kannanur and 47 mg/kg of chromium in Mamallapuram are higher than in other
urban local bodies. This is due to the floating population, more economic activities, and industries
in those areas. Therefore, this study emphasizes the importance of clearly separating metal-
containing waste at the initial stage, identifying and continuously monitoring the sources of metal
contamination, using the right technology during composting, and creating awareness among the
public about the harmful effects of heavy metals.

KEY WORDS: Atomic Absorption Spectroscopy (AAS), Bio-compost, Metal
contamination, Municipal waste, Resource Recovery Parks and Waste
segregation.

INTRODUCTION

Due to the new economic policies (LPG-
liberalization, privatisation, and globalization)
implemented in India, industrialization and
subsequent urbanization occurred in and around
industrial areas. The technological advancements
have also brought about changes in people’s
lifestyles. As a result, waste increased in urban areas
and waste management is a major challenge for all
developing countries. Developed countries utilized
appropriate technologies in waste management
(Chadchan and Shankar, 2012). Furthermore, People

in developed countries have a high level of
awareness about waste and a good understanding
of its impact. Therefore, they focus on segregating
waste at the source. However, in developing
countries like India, there is a lack of awareness and
understanding among the public regarding waste
management (Mazzoli et al., 2024). In addition,
urban areas face significant challenges due to
insufficient basic infrastructure and the absence of
proper technologies for waste management (Gupta
et al., 2020). An urban local body utilizes various
methods, including windrow composting, based on
its basic infrastructures and land availability, to
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produce compost from waste (Maturi et al., 2022).

According to Singh and Kalamdhad (2013), bio-
composts and vermi-composts made from such
waste are rich in key nutrients, boost soil fertility,
and sustain beneficial microbes, all of which are
crucial for agricultural production. Composts
produced from municipal wastes without proper
segregation contain various substances, including
heavy metals. Compost produced from
biodegradable waste mixed with plastics, metal
scraps, and e-waste is unproductive and also
dangerous. If these dangerous materials are not
carefully separated before entering the composting
process, heavy metals such as lead, cadmium,
chromium, nickel, zinc, copper, and iron may
accumulate in the finished compost product (Jain et
al., 2019). Because heavy metals are not
biodegradable and their levels gradually increase in
soils with repeated compost applications, they can
harm the production of crops, soil health, and
overall agricultural sustainability. The high amount
of heavy metals present in the compost can affect
their physical and chemical properties (Zorpo and
Loizidou, 2008).

Furthermore, consuming the agricultural
products grown using this heavy metal-
contaminated compost can lead to diseases such as
blood cancer, bone damage, and renal failure
(NIEAS, 2002). Therefore, it is crucial that when
using compost derived from waste for agriculture,
the levels of these elements remain within the
prescribed limits (Gupta et al., 2020). These heavy
metals in compost come from a variety of sources,
including batteries, paints, dyes, metal cans, leather
goods, e-waste, and industrial effluents. Therefore,
identifying the presence of heavy metals in
municipal solid waste is a great service to society.
Various studies indicate that the levels of heavy
metals in compost derived from municipal waste
vary from city to city (Krogmann, 1999; Koivula et
al., 2000; Smith, 2009; Reddy and Patnaik, 2009). In
Delhi, the levels of zinc (Zn) and copper (Cu) in the
compost produced from municipal waste were
found to be higher than the prescribed limits (Singh
et al., 2014).

This study has investigated four heavy metals
(Pb, Cd, Cr, Ni) that are harmful to soil fertility and
human health. The character and quality of compost
are of paramount importance and a crucial
requirement for agriculture. These results should
help in preparing sustainable waste management
plans for resource recovery parks and soil profile

development.
MATERIALS AND METHODS

Study Area

For the present study, 32 resource recovery parks
(RRPs) in small and medium cities across Tamil
Nadu were selected (Figure 1). Some cities have a
large population and produce a lot of heavy metal-
contaminated solid waste. The research area has an
average temperature of 30-40 degrees Celsius, which
is appropriate for aerobic composting. Mixed
municipal solid waste collected from residential and
commercial areas is used in the composting pits of
the waste processing units in the RRPs.
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Fig. 1. Sampling locations in the study area

Sample Collection and Preparation

Thirty-two compost samples, each weighing around
one kilogramme, were collected using random
sampling techniques and placed in clean, labelled
plastic bags. Samples were ground, air-dried for two
to three days, oven-dried at 105 °C till they reached
a constant weight, and then sieved through a 2mm
mesh screen to confirm homogeneity (Singh and
Kalamdhad, 2013).

Physico-Chemical and Metal Analysis
The physico-chemical properties, like pH, electrical
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conductivity (EC), and total organic carbon (TOC),
were used to measure the quality of the compost
samples. The pH and EC of 1:5 (w/v) compost
samples with water suspension were measured
using digital pH and conductivity meters and
established methodologies (APHA, 2017). The Black
and Walkley approach was applied to measure total
organic carbon (Jackson, 1973). For metal analysis,
0.5 g of each sample was digested using a tri-acid
combination in accordance with USEPA Method
3050B (Allen et al., 1986). The amounts of Pb, Cd, Cr,
and Ni were measured using an Atomic Absorption
Spectrophotometer (Perkin Elmer 400).

Statistical Analysis

The study of the correlation is very important in
chemical parameters, as it identifies metal mobility,
explains metal binding with organic matter, helps to

assess pollution sources, and supports risk
assessment. Pearson’s correlation analysis was used
(SPSS v25.0) to determine the relationship between
physico-chemical parameters and heavy metal
concentrations in compost.

RESULTS AND DISCUSSION

Physico-Chemical Characteristics

The physico-chemical properties and heavy metal
levels of compost samples obtained from various
solid waste processing centres are described in Table
1. As per the Fertiliser Control Order (FCO) for
Organic Compost, the preferred pH limit for
agriculture is 6.5 - 7.5 (FCO); broader 6.0-8.4 in
newer specs, electrical conductivity (EC) EC d” ~
4 ds/m (safe range), Total organic carbon (TOC) e”
~12% (solid compost).

Table 1. Physico-chemical characteristics and heavy metals concentration in compost samples

Sl.  Location pH EC, TOC, Cd, Cr, Ni, Pb,
No. dS/m % mg/kg mg/kg mg/kg mg/kg
1 Mamallapuram 7.5 3.6 22.3 0.45 47 40.1 80.5
2 Courtallam 7.3 2.8 22.4 0.3 32 33.4 70.8
3 Kanadukathan 6.2 2.4 114 0.11 24 24.3 43.5
4 Kanniyakumari 7.2 2.7 22.5 0.3 45 334 63.8
5 Kodumudi 7.2 2.7 25.6 0.26 30 35.3 455
6 Swamimalai 6.8 2.7 234 0.22 35 33.4 45.8
7 Sriperumputhur 7.5 3.6 22.3 0.4 36.5 35.2 83.6
8 Thirumalizhisai 7.2 2.8 222 0.4 46 41.3 83.5
9 Velankanni 7.3 3.6 22 0.5 41 40.6 84.6
10 Kannanur 7.7 2.6 18.2 0.2 39 39.3 85.5
11 Thadikombu 6.5 2.4 19.5 0.1 25 4.6 25.4
12 Kurinjipadi 7.3 2.8 224 0.29 32 33.4 70.8
13 Manachanallur 7.1 29 9.5 0.2 45 35.3 71.5
14  Mohanur 7.1 2.6 252 0.25 30 31.3 70.5
15  Palacode 7.1 2.6 232 0.25 30 324 70.8
16 Periyanaickanpalayam 7.2 3.1 20.2 0.45 46 41.3 83.5
17  Sulur 7.3 3.6 22 0.5 41 40.6 84.6
18  Acharapaakkam 7.2 3.1 20.2 0.45 46 42.6 80.3
19 Uthamapalayam 7.5 2.7 20.2 0.2 39 39.3 78.5
20  Aundipatti 7.5 2.8 20.2 0.3 42 40.3 82.5
21 Chinnalapatti 7.5 2.7 19.2 0.2 29 39.3 48.5
22 Sankar Nagar 7.3 2.7 23.4 0.22 35 33.4 45.8
23 Pallapalayam 7.5 3.4 22.3 0.45 42 41.6 83.6
24 Polur 7.5 34 22.3 0.45 42 41.6 83.6
25  TKallupatti 7.8 2.6 252 0.55 40 21.3 60.5
26  Vettaikaranpudhur 7.4 3.5 16.2 1.2 30.4 195 80.5
27 Karunguzhi 7.5 3.4 22.3 0.45 42 41.6 83.6
28  Sholavanthan 7 1.4 10.4 0.11 24 34.3 41.5
29 Mallasamudram 7.5 2.6 25.5 0.25 30 32.3 73.5
30  Nahojanahalli 7.3 2.8 115 0.25 32 7.5 24.1
31  Arimalam 7.5 3.6 22.3 0.45 41.5 40.1 80.5
32  Kottaiyur 6.2 2.3 114 0.11 24 24.3 445
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In all thirty-two locations selected for the study,
except T. Kallupatti, the pH value is 7.5 or less. Only
in T. Kallupatti is the pH value 7.8. This indicates
that the compost sample is alkaline. It can be used in
agriculture for acidic soils or in the mixing of other
substances for agricultural purposes. However, it
needs to be determined whether the municipal solid
waste (MSW) in that town contains a mixture of
Ash, Lime (construction debris), Egg shells (CaCO,),
Concrete dust, Soap, and detergent residues. The
electrical conductivity (EC) values varied from 2.4 to
3.6 dS/m, indicating a high quantity of soluble salts.
However, EC value in all locations is within the
prescribed limit (4 dS/m). The TOC exceeds the
prescribed limit of 12 in all places except
Kaanadukaathan, Manachanallur, Solavandan,
Nagarjunahalli, and Kottaiyur. The TOC is less than
12 % in the above-mentioned towns due to poorly
turned compost piles, materials mixed with rice
husk, coir pith, wood chips, insufficient composting
time, and controlled composting systems (Gupta et
al., 2020).

Levels of Heavy Metals

As per FCO standards, the permissible limit for
heavy metals in the compost to be used in
agricultural production is Lead (Pb) < 100,
Cadmium (Cd) <5, Chromium (Cr)<50, Nickel (Ni)
< 5. The measured values of the samples taken at all
32 locations, with respect to the elements Cd, Cr, Ni,
and Pb, are below the prescribed maximum limits.
Therefore, there is no harmful effect by using
compost samples for agriculture. However, some
metals in the samples are present in higher levels
than in other cities. For instance, the Pb is present at
85.5 mg/kg in Kannanur, 84.6 mg/kg in Velankanni,
and 84.6 mg/kg in Sulur. Regarding chromium,
there are 47 mg/kg in Mamallapuram, 46 mg/kg in
Thirumazhisai, and Periyanaickenpalayam.
Presence of Lead (Pb) and Chromium (Cr) in the
municipal waste of developing cities due to

Table 2. Correlation analysis of heavy metals

unsegregated wastes of Batteries (Pb), Paint chips
and pigments (Pb, Cr), Tanned leather waste (Cr).
This is because of the floating population, more
commercial activity, and undue attention in the
composting process (Jain et al., 2019). All compost
samples were below acceptable levels when
compared to the permissible limits given by the
CPCB (2012) and the USEPA (2003).

The results imply that the composting processes
in the chosen small and medium cities are mostly
free from industrial chemical contamination.
Variations in the composition of raw garbage and
the performance of waste sorting techniques could
be the major source of geographical variances in
heavy metal concentrations. Similar geographical
variation in heavy metal concentration in compost
obtained from unsegregated waste was also found
by Kumar et al., (2020).

Correlation among the Parameters

Table 2 shows the correlations between the
physicochemical properties and the quantities of
metals. The pH values in the current research show
a substantial positive correlation with Pb (r = 0.582).
Electrical conductivity (EC) and Cr (r = 0.598) and
Pb (r = 0.652) showed strong and substantial
connections, suggesting that mixed industrial
discharges, business activities, and the generation of
general solid waste all have an impact on the
presence of these metals. There was a significant
correlation discovered between cadmium (Cd) and
lead (Pb), which may point to common sources such
as electronic waste or small-scale industrial
emissions. Both Ni (r = 0.605) and Pb (r = 0.691) had
a significant positive relationship with chromium
(Cr), indicating the impact of mixed urban waste
and irregular industrial debris on the composting
stream. Furthermore, there was a significant
correlation between nickel (Ni) and lead (Pb), which
is most likely connected to vehicle emissions and
improper treatment of metal-containing garbage.

pH EC TOC Cd Cr Ni Pb

pH 1 463" 484" 444 544" 432 .582"
EC 1 360" 663" .598™ 365 .652"
TOC 1 .209 .299 349" 383"
Cd 1 352" .081 526"
Cr 1 .605™ 691"
Ni 1 724"
Pb 1
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CONCLUSION

The compost samples were collected from the
resource recovery parks of 32 developing cities of
Tamil Nadu. The levels of heavy metals such as Pb,
Cr, Ni, and Cd were determined by AAS
instrumental analysis. In all locations, the levels of
heavy metals were found to be lower than the
maximum limits prescribed by the national and
international standards. Therefore, all composts
collected from 32 locations can be used for
agricultural purposes. However, in some
developing cities, particularly the amount of lead
(Pb) is slightly high at Kannanur, Sulur and
Velankanni. Similarly, the Chromium (Cr) level is
slightly high at Mamallapuram and Thirumazhisai.
It shows the increasing trend of heavy metals in
developing cities in Tamil Nadu. A correlation study
shows significant correlations between Pb, Ni, and
Cr, indicating comparable origins such as mixed
urban garbage and irregular industry inputs.
Therefore, this study emphasizes that municipalities
must properly segregate heavy metals from
municipal waste at the initial stage to prevent future
contamination due to population growth and
industrial development.
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