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Introduction

Rapid urbanization and increasing population generate huge volumes of discharge which are beyond the
self-purifying capacity of the ecosystem (Abdoli 2022). These non-farm waste streams may be municipal
or industrial in origin, and often presents an environmental and health challenge (Mokhtari et al. 2017).
However, in a circular economy, these waste materials are transformed into an opportunity by recycling and
reusing(Velasco-Muñoz et al. 2021). The residual, semi-solid material produced as a by-product in sewage
treatment plants is known as sewage sludge (SS) (Mokhtari et al. 2017). Management of this SS is a challenge
both in economic and environmental terms. The various methods for disposal of SS include incineration,
sanitary burial and composting (Abdoli 2022). Burning and burial of SS on land and oceans create health
and environmental hazards and hence, are legally restricted (Smith 2009; Tchounwou et al. 2012). Due to
high organic carbon, nitrogen (N) and phosphorous (P) content, the use of SS as a fertilizer is encouraged as
it recycles nutrients and contributes to circularization in agriculture (Camargo et al. 2016; Velasco-Muñoz
et al. 2021). However, the presence of various contaminants and pathogenic organisms in SS can pose a high
risk to public health, and hence, its use for agricultural purposes requires special guidance

Organic agriculture is a system of agriculture that avoids chemical inputs (FAO). SS offers a good organic
source of NPK and other micronutrients (Shafieepour et al. 2011). It acts as a cheap fertilizer for use in
barren areas for improving plant growth (Shafieepour et al. 2011). It is especially useful in arid and semi-
arid regions as a cheap source of water, organic matter and nutrients (Tabatabaei et al. 2020). Improvements
in growth and yield parameters of various foodgrains have been observed by various researchers, including
rice (Latare et al. 2014), wheat (Fathololomi and Asghari 2015; Fathololomi et al. 2015; Shahbazi F et al.
2018), corn (Karimpour et al. 2010; Saadat K. et al. 2012; Hoshyar and Baghaie 2017), and barley (Chorom
and Aghaei Foroushani 2007). Further, vegetables, like tomato (Lycopersicon esculentum L.) (Hossain et al.
2015) and eggplant (Solanum melongena ) (Kumar and Chopra 2016) also showed significant improvement
in health due to the application of SS as a fertilizer. However, the effect of SS on the above plants was
influenced by many factors, such as the origin of SS (urban or industrial), rate of SS application, and the
plant type (Abdoli 2022).
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Heavy and toxic metal contamination of SS-based compost

The direct usage of SS for agricultural uses is discouraged due to the presence of various pathogens and toxic
metals (Camargo et al. 2016). Among the various contaminants, heavy metals have gained significant atten-
tion due to their peculiar characteristics, including high reactivity, lipophilic nature, non-biodegradability,
and toxicity (Duruibe et al. 2007). Heavy metal composition of municipal waste, and in turn, SS, depends
on various factors, including the source of the wastes, composting process and geographical location (He et
al. 1992; Krogmann 1999). Electronic wastes contribute almost 70 percent of heavy metals to landfill waste
(Wuana and Okieimen 2011). Small and medium enterprises located around urban centres often dispose of
their waste along with municipal wastes (Esakku et al. 2003).

Heavy metals contamination of SS is a major hindrance in their use for agricultural purposes. Earlier studies
found heavy metals to be over the specified limits in municipal solid wastes (Merian 1991; Cebula et al. 1995;
Ciba et al. 1999). Many heavy metals were found to be present in municipal wastes, including lead, nickel,
zinc, cobalt, cadmium, and manganese (Ciba et al. 1999). Most heavy metals exert a detrimental effect on
the health of living organisms if present beyond certain concentrations. If such contaminated compost is
used as manure for food production, the heavy and toxic metals may enter the food chain and become a
major health hazard (Lopes et al. 2011). Hence, it is necessary to monitor the levels of these heavy and toxic
metals in the compost produced using SS from such STPs. In this context, the present study is a preliminary
investigation of the heavy and toxic metal content present in SS and products derived from SS compost.

Methodology

Study area description

The SS samples were collected from the Jagjeetpur sewage treatment plant (STP) located in Haridwar,
Uttarakhand, INDIA. The STP uses the Sequencing Batch Reactor (SBR) process and has an installed
capacity of 68 million litres per day (MLD). The STP was built under the Namami Gange program of the
Government of INDIA and is responsible for the treatment of domestic sewage from urban areas of Haridwar.

Sample collection and analysis

The SS samples were collected from the dumping ground of the STP on 8th and 15th February 2022 in bulk in
sealed packets and brought to the laboratory for further analysis. For products derived from SS-compost, we
used two products manufactured by Patanjali Organic Research Institute (PORI) using the sludge collected
from Jagjeetpur STP, i.e., Poshak (CHOS/PJPA/0322/450) and Jaivik Khad (CHOS/PJKA/0322/448).
Poshak is a mycorrhiza-based granular biofertilizer, while Jaivik Khad is 100 percent organic manure with
balanced levels of all the essential nutrients. Both the products are patented and are usually prepared using
in-house compost. However, for this study, the Poshak and Jaivik Khad were prepared using the compost
derived from STP sludge. The samples were analyzed for the presence of heavy and toxic metal contaminants
according to the guidelines of the Fertilizer Control Order (FCO), 2009 (SWMR 2016). Samples were collected
and analyzed in triplicates. The results are represented as average.

Results and Discussion

The SS from Jagjeetpur STP was found to be rich in organic matter, along with various micro-and macro-
nutrients. . In the present study, a total of seven heavy and toxic metals were analyzed in the samples
and compared with the tolerance limits as stated in FCO, 2009 (SWMR 2016). The SS collected from
the Jagjeetpur STP contained all the analyzed metals within the permissible limits, except mercury (Hg),
which was approximately 9-times more than the permissible limit (Table 1). Processed products contained
decreased levels of Hg compared to the unprocessed SS, but still, it was around 4-times of the allowed limit
in Poshak, while it was below the tolerance limit in Khad. The levels of lead (Pb) in Khad were similar to
unprocessed sewage, but it doubled in Poshak. Similarly, the level of chromium (Cr) decreased slightly in
Khad but doubled in Poshak. The processing of SS does not affect the levels of As in both the products. The
level of Ni remained similar in both unprocessed SS and processed products. Copper (Cu) increased almost
50 percent in Poshak compared to SS, while it almost tripled in Khad. On the other hand, zinc (Zn) levels
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remained similar in Khad but tripled in Poshak. Despite the increase in the levels of various heavy metals
in processed products, the levels were still below the permissible limits. An increase in some of the heavy
metals, which are also macronutrients (Cr, Ni, Cu, Zn), is good for the soil.

The variation in the quantity of the various heavy metals is directly related to the input waste quality of
the STP, which is prone to temporal fluctuations (SWMR 2016). Being close to an industrial area, the input
waste streams of the STP is bound to contain numerous heavy metals. The fact that most of the heavy
and toxic metals (except Hg) are within the permissible limit indicates the proper functioning of the STP
and proper treatment of effluents by the various industrial units in the area. The high levels of various
metals found in the processed products are expected since the removal of water concentrates the SS and its
components. However, being within limits ensures that they are safe for use in organic farming. Further, the
long-term effects of the application of these SS-compost based products is unlikely to have any major effects
since any residual heavy and toxic metals often migrate deeper into the soil (Sun et al. 2017).

Mercury is a major pollutant in industrial areas released due to coal combustion and is associated with
kidney damage (Wuana and Okieimen 2011). The pH of the soil determines the stability of the Hg in the
SS. Mercurous and mercuric forms are more stable under oxidizing conditions. Under reducing conditions,
organic or inorganic Hg may be converted to elemental form, which is further alkylated by biotic and abiotic
processes. This alkylated form of Hg is water-soluble and volatile in air, making it the most toxic form
(Smith et al. 1995). Sorption of Hg in soils, sediments and humic materials is the best remedial solution,
which increases with an increase in pH (Wuana and Okieimen 2011). Under anaerobic conditions, both
organic and inorganic forms of mercury may be alkylated by sulfur-reducing bacteria or may be converted
to elemental form by demethylation or reduction of Hg(II). While acidic pH favours the methylation of Hg,
higher pH leads to precipitation of HgS (Smith et al. 1995). Hence, the best solution to tackle higher Hg
contamination in SS would be aerobic composting at higher pH to make them less toxic.

Chromium contamination is due to discharge from industries involved in electroplating industries (Smith
et al. 1995). It is associated with allergic dermatitis in humans (Scragg 2006). Cr(VI) is the most common
contaminating and toxic form. It can be reduced to Cr(III) under anaerobic conditions by soil organic matter.
Mobility of Cr depends on the sorption capabilities of the soil, including mineral oxide content, amount of
clay and organic matter. Cr(VI) is very mobile, which can be decreased by adsorption to oxide minerals
and clays at pH below 5. In addition, solubility can be reduced by the formation of Cr(OH)3 at pH above
5 (Chrostowski et al. 1991). Hence, Cr content in SS-derived compost can be controlled by ensuring high
organic matter and mineral oxides.

Lead (Pb) is naturally present in surface soils ranging from 10 to 67 mg/Kg. It has a wide range of uses in
industries, including storage batteries (Wuana and Okieimen 2011). Pb enters the body through inhalation
and ingestion, leading to Pb poisoning or even death (Charkiewicz and Backstrand 2020). Lead sulfide (PbS)
is formed under reducing soil conditions, while anaerobic conditions lead to the formation of volatile organo-
lead due to microbial alkylation (Sevak et al. 2021). At higher pH, insoluble Pb forms are formed (McBride
et al. 2005; Wuana and Okieimen 2011). Hence, Pb pollution can be controlled by compost formation under
aerobic conditions at higher pH.

Naturally, nickel occurs at very low levels. It is essential in small quantities and is toxic above tolerable limits,
responsible Nickel contamination occurs mostly through industries, and is removed from the environment
through adsorption by sediments or soil particles, which makes it immobile. In acidic soils, Ni is more mobile
and may leach into groundwater. It is not known to accumulate in plants or animals, and hence, doesn’t pose
a health risk via biomagnification through the food chain (Wuana and Okieimen 2011). Similarly, copper
and zinc are also essential micronutrients. Both are necessary for human and plant health. While Cu does
not bioaccumulate through the food chain, Zn may accumulate in some fishes and lead to biomagnification
through the food chain (Colaço et al. 2006; Wuana and Okieimen 2011). In addition, Zn contamination in the
soil can also affect the activity of various microorganisms and earthworms (Cheng and Wong 2002; Colaço
et al. 2006; Wuana and Okieimen 2011).
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Table 1. Heavy and toxic metal analysis of unprocessed SS and products based on SS-compost.

Heavy metals (mg/Kg) Limits* Sludge Poshak Khad

Mercury (Hg) 0.15 1.39 <0.1 0.66
Lead (Pb) 100 18.01 43.68 15.03
Arsenic (As) 10 3.00 4.00 3.41
Chromium (Cr) 50 14.15 32.55 11.61
Nickel (Ni) 50 12.42 14.63 11.88
Copper (Cu) 300 40.29 68.76 119.17
Zinc (Zn) 1000 230.3 774.98 228.16

*Tolerance limits as per Fertilizer Control Order (FCO), 2009.

Conclusion

The disposal of SS is a major problem and composting for agricultural uses is the most recommended method
due to its high organic content. The input quality of waste streams influences the characteristics of the output
SS, which in turn influences the quality of the products derived from it. Since the Jagjeetpur STP caters to
urban areas near an industrial area, it is bound to be contaminated with heavy and toxic metals to some
extent. The proper regulation and operation of the STP ensure that the level of heavy and toxic metals is
within permissible limits. Although the level of Hg was well above the tolerable limit, it may be a temporal
situation or a permanent problem in this geographical area. The products derived from the compost of SS
had heavy and toxic metals within permissible limits. For a few metals, the levels increased in the processed
products which may be due to the concentration of the sludge after water removal. However, the composting
process renders most of the metals immobile or insoluble, rendering them unavailable for uptake by plants
or animals. While the unprocessed SS is not recommended for agricultural purposes due to the presence of
pathogenic and toxic metals, processed SS-derived product is suitable for organic farming due to permissible
levels of toxic metals and the absence of pathogenic organisms.
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