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1. INTRODUCTION

Extensive urbanization, industrialization and population growth has
necessitated the installation of a large number of wastewater treatment plants and
there by resulting in the production of huge amounts of municipal sewage sludge.
Proper handling and disposal of this sewage sludge is a major problem. To avoid the
negative impacts of sewage sludge on the environment, it is better to decrease the
volume of this waste and to effectively use this as a rich source of organic matter and

nutrients.

Sewage sludge is the residual material which is semisolid in consistency
produced from the sedimentation of the suspended solid during the treatment
processes of waste water. Handling of huge quantities of sludge causes a significant
proportion of the overall operating costs of water treatment works. So appropriate
reuse strategies that are sustainable from an environmental and economic point of
view are needed. The main disposal routes of sludge are incineration, sanitary
landfill, or for land application. Treated sludge application as amendment to soil
causes the structural improvement of soil, acts as soil buffer and as soil amendment.
Moreover it provides a major part of the N and P requirements for crops. Use of
sludge principally in agriculture involves lower costs when compared to incineration

and sanitary landfill.

The properties of sludge are determined by the characteristics of waste water
from which it is originated and also by the methods by which waste water is treated.
Normally it contains organic matter, a wide range of macro and micro nutrients,

heavy metals, microorganisms and organic poliutants.

Thiruvananthapuram Corporation is the largest city corporation in the Kerala
state by area and population. This Municipal Corporation comprises an area of 141.74

sq. km. However, only 30 % of it is covered by a piped sewerage system. Quantum of

\



solid waste and liquid waste generated is 300 MT and 100 MI d respectively. Earlier
sewage generated from the city, was pumped into open ground and was used for
cultivation of fodder for cattle and was known as sewage fodder farm. The sewage
farm was initially Designed for a capacity of 8 ml d and was commissioned in
1945 at Valiyathura in Thiruvananthapuram. Due to prolonged load of sewage and
lack of maintenance, now the farm is overloaded with higher quantity of sewage. As a
result of this raw sludge remains stagnated within the farm resulting in a worse
condition. Rainy season aggravates the condition when there is spillage of sewage to
the adjacent Parvathy puthanar. Ground water contamination, nuisance of mosquito

and health hazards are the major environmental issues.

To solve this problem a sewage treatment plant was installed at Muttathara,
Thiruvananthapuram. The plant was inaugurated on 30" October 2013. Activated
sludge process with extended aeration is used for the treatment of sewage. Lack of
proper mechanism to dispose the sludge generated at the sewage treatment plant at
Muttathara has become a problem. The daily generation is 9 to 10 m® of sludge has
been accumulating in the plant site. If this continues, it will affect the functioning of
the treatment plant. So the sewage sludge has to be utilized. The best option is to use

this sludge for crop production.

The sludge is rich in organic carbon and plant nutrients. The presence of
heavy metals and pathogens are limiting its use for crop production. E.coli detected
in initial raw sewage sludge was eliminated on sun drying and was not found in the
growing medium prepared from sewage sludge. However, it contains heavy metals
like Cd, Ni, Pb, As, Cr above the permissible limit. There is a considerable bio
accumulation of heavy metals when the sludge was used in the growing medium for
ornamentals. The sludge can be used for growing food crops only if the heavy metal

is stabilized and its bioavailability is reduced.
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This can be achieved by modifying the pH of the material and by the addition
of heavy metal adsorbents and bulking agents. By properly stabilizing heavy metals
present in the sludge by composting process it can be effectively utilized for crop
production. However the use of this compost for the production of food crops need
necessary studies so, detailed studies are necessary in this direction. But there is a

possibility for its use for growing flowering plants.

With this background the present study on “Heavy metal stabilized sewage
sludge compost as a growth medium for ornamentals” was undertaken with the

following objectives

(1) Characterization of different sewage sludge composts
(2) Performance evaluation of sewage sludge compost as growing medium for

ornamentals.
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2. REVIEW OF LITERATURE

The study entitled “Heavy metal stabilized sewage sludge compost as a
growth medium for ornamentals” was conducted at the department of Soil Science
and Agricultural Chemistry, College of Agriculture Vellayani, with the objective to
prepare and characterize heavy metal stabilized sewage sludge compost and to
evaluate its suitability as a growth medium for marigold. A brief reviews of the
research work related to the present study has been reviewed and presented under

suitable headings.

2.1 Characteristics of Sewage Sludge

Sewage sludge is the residue generated during the waste water treatment
process. The increase in urbanization and industrialization causes the drastic increase
in the volume of waste water and sewage sludge (Marchioretto, 2003). Organic waste
or compost application to the soil for crop production is of great importance due to

the nutritional input and low cost (Mantovi et al., 2005).

Chitdeshwari ef al. (2002) did the chemical characterization of biosolids from
sewage farm of Ukkadam, Coimbatore and the result revealed that it has a pH of 6.70
and contain 15.9 per cent organic carbon. Fanny ef al. (2015) reported that pH of
sewage sludge generated from India as well as other countries varies from slightly
acidic to neutral range. The acidic nature of sludge may be ascribed to the
decomposition of organic matter present in the sludge which may lower the pH.
Asokan (2017) characterized the sewage sludge from Muttathara sewage treatment
plant Thiruvananthapuram and reported that pH of sewage sludge was strongly acidic

and it was characterized by high organic carbon content.
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Liu and Sun (2013) analysed the nutrient content of sewage sludge produced
from waste water treatment plant of Guangzhou, China. They reported that sewage
sludge contain 28.1 to 60.6% organic C, 1.25 to 3.83% total N, 1.19 to 3.62% total P
and 0.67 to 1.91% total K. Asokan (2017) reported that sewage sludge was rich in
plant nutrients such as N, P, K, Ca, Mg, Fe, S, Mn, Zn, Cu and B. Physical properties

such as water holding capacity and porosity were high and bulk density was very low.

Singh and Agrawal (2010) analysed the nutrient status of sewage sludge
collected from Dinapur sewage treatment plant Varanasi and reported that sewage
sludge had 785.3 mg kg Zn, 317.7 mg kg'' Cu, 60.0 mg kg Pb, 154.5 mg kg’ Cd
and 47.17 mg kg™' Ni. Saha et al. (2017) evaluated the suitability of sludges produced
in Kolkata for agricultural usage by and analyzing the plant nutrients availability,
heavy metals loads, and their mobility. Results indicated that the sludge produced at
different sewage treatment plants of Kolkata were rich in organic C (9.75-15.88%)
and major nutrients mainly N (2.05-3.87%) and P (1.62-2.47%), but the K content
(0.98-1.96%) was much lower.

Economic and environmental costs of incineration and land filling is very
high. The best option is to use this sludge for crop production as it provides an
opportunity to recycle the organic matter (OC), N, P, and other plant nutrients (Dubey
et al., 2006; Liu and Sun, 2013). Use of municipal sewage sludge in agriculture as an
organic fertilizer proved beneficial for a variety of field crops (Outhman and Firdous
2016; Saha et al., 2017)

Asokan (2017) concluded that Sewage sludge from Sewage treatment plant
Muttathara is highly acidic and contains heavy metals like Cd, Ni, Pb, As and Cr. Cr
is above the permissible limit. There is a considerable bio accumulation of heavy

metals when the sludge was used as growing medium for ornamentals.



2.2 Effect of Sewage Sludge on Soil Properties

Sewage sludge is a rich source of organic matter, it often improves the soil’s
physical and chemical properties and enhances its biological activities (Silva et al.,
2016).

2.2.1 Physical Properties

Epstein (1975) reported that application of 0.5% sewage sludge to soil
improved the water retention, hydraulic conductivity and aggregate stability.
According to Roberts et al. (1998), sewage sludge is a rich source of organic matter
and organic matter content of sewage sludge is usually more than 50% of dry matter.
Addition of organic matter in the form of sewage sludge improved the soil physical
properties such as water retention capacity, bulk density, porosity, soil aeration and
pore size distribution. It also have a positive soil conditioning effect on most of the

soils.

The application of sludge to the soil improve the soil physical
properties by increasing water content, increasing water retention capacity,
enhanced aggregation, increased soil aeration, increased permeability,
increased water infiltration and decreased surface crusting (Albiac et al.,

2001).

Mumptom (1978) reported that sewage sludge compost improved the soil
properties such as bulk density, porosity and water holding capacity. Improvement in
soil physical properties will result in increased soil filtration rate, reduction in surface
run off and water erosion. Bahremand, et al. (2003) suggested that sewage sludge
application significantly increased mean weight diameter, hydraulic conductivity,
final infiltration rate, moisture percentage at 1/3 and 15 bars and significantly

decreased soil bulk density. Cogger (2005) reported that agricultural use of sewage



sludge as amendments consistently showed decrease in the bulk density and
penetration resistance with increasing rates of amendment. Decrease in bulk density
is mainly due to increase in aggregate stability and total porosity. According to
Wortmann (2005), due to the stability of organic compounds in bio-solids, sewage
sludge improve the soil physical properties such as increased soil aggregate formation

and stability.

According to Bai ef al. (2017), sewage sludge combined with green manuring
decreased bulk density, pH, salinity, and exchangeable sodium percentage of the
topsoil (0-20 cm soil layer) and increased aggregate stability, cation exchange

capacity, and N and P concentration of the topsoil.

A field experiment conducted by Mondal et al. (2015) revealed the positive
effects of sewage sludge on different parameters and reported that application of
sewage sludge decreased the the bulk density by 21%, increased mean weight
diameter and porosity of the soil. The application of sewage sludge cause a reduction
in the bulk density which was lowest at sewage sludge applied at the rate of 15t ha™!
followed by 10 t ha™ and 5 t ha™".

Municipal solid waste compost had a high water holding capacity because of
its organic matter content, which in turn improved the water holding capacity of the
soil (Hernando ef al., 1989). They conducted a study to determine the effect of
municipal solid waste compost application to soil on aggregate stability. The result
indicated that application of municipal solid waste compost improves the soil
structure by improving aggregate stability through the formation of cationic bridges.
Annabi et al. (2007) also reported that application of mature municipal solid waste

compost to a silt loam soil increased aggregate stability.



2.2.2 Chemical Properties
2.2.2.1 pH, electrical conductivity and organic carbon

Land application of sewage sludge may be a more preferred option, as it
provides an opportunity to recycle the organic matter (OC), N, P, and other plant
nutrients ( Liu and Sun, 2013).

Belhaj et al. (2016) conducted a study to find the usefulness of sewage sludge
amendment for Helianthus annuus. They conducted a pot experiment by mixing
sewage sludge at 2.5, 5, and 7.5 % (w/w) amendment ratios to the agricultural soil.
Report showed that sewage sludge amendment decreased soil pH and increased

electrical conductivity, organic matter and other nutrients.

Sewage sludge application to the soil improved the cation exchange capacity
of soil. This is due to the fact that it helps in retaining essential plant nutrients within
the effective root zone of higher plants due to additional cation binding sites.
Presence of high content of nitrogen which are bound by humic substances in sewage
sludge is the main criteria of usefulness of sludge for agricultural purposes (Veekan
et al. 2000).

Jamil et al. (2006) suggested that application of sewage sludge to soil increase
the organic matter content of the soil. The application of sewage sludge to soil

increases the total organic carbon content in the soil.

Singh and Agrawal (2010) opinioned that sewage sludge decreases the soil pH
as a result of the production of humic acid during the degradation of organic matter.
Mushali et al. (2014) reported that sewage sludge application to low pH soil
decreased the pH further. Outhman and Bharose (2014) reported that pH of the post

harvest soil decreases with increase in sludge amendment rates.
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Mushali ef al. (2014) found an increase in electrical conductivity of soil due to
sewage sludge application. The increase in electrical conductivity is mainly due to the

salts present in sewage sludge

Sewage sludge is a rich source of organic carbon and other nutrients and can
be used as an organic amendment to soil (Caravaca et al., 2002). Selivanoskaya et al.
(2007) observed that application of sewage sludge compost to soil increase the
organic carbon content from 1.4 to 1.5 %. Ashokan (2017) reported that sewage
sludge generated from sewage treatment plant Muttathara had a high organic carbon
status of 12.2 % and its application to soil as an amendment increases the organic

carbon status of soil.
2.2.2.2 Status of macro and micronutrients

Sewage sludge improves the plant growth and yield by providing a number of
essential plant nutrients and organic matter. Thus its application to soil enables
recycling of the major nutrients N and P which may partially substitute the need for

costly commercial fertilizers (Placek et al., 2016).

Sewage sludge application to soil increased the organic matter content,
available P, exchangeable K, Fe, Mn, Zn and Cu (Huma, 1997). Albiach ef al. (2001)
reported that sludge is a rich source of organic matter, nitrogen, phosphorus and other
nutrients. If properly managed it can be used to improve the soil fertility in
intensively cropped degraded soils and thus can reduce the need of synthetic
fertilizers. It also improves the soil physical, chemical and biological properties of

soil.

Lakhdar et al (2010) reported that the application of municipal solid waste
compost (13.3 g Kg'') and sewage sludge (26.6 g Kg™') significantly improved soil

physical-chemical properties specially carbon and nitrogen contents. Yousefi et al.



(2013) reported that application of sewage sludge and sewage sludge compost
improved organic carbon by 2.5 fold, phosphorus by 1.4 fold and nitrogen by 1.6 fold
as compared to the inorganically fertilized plots. Outhman and Bharose (2014)
reported that there was an increase in the nitrogen content in the soil with the

increasing level of sewage sludge application.

Jamil ef al. (2006) observed that application of sewage sludge to soil
increased the soil organic matter, EC, NPK, Ca, Mg and trace elements such as Fe,

Mn, Zn, Cu with the increasing levels of sewage sludge.

Kabirinejad and Hoodaji (2012) studied the impact of biosolid application on
soil chemical properties and found that the availability of potassium, iron and
manganese in the soils increased significantly by the application of sludge compost at

the rate of 50 t ha ™.

Morris and Lathwell (2004) reported that the sludge amendment enhanced the
available nitrogen content in alkaline soils than acidic soils. Study conducted by
Outhman and Bharose (2014) revealed that there was a significant increase in the

nitrogen content in the soil with the increasing level of sewage sludge amendment.

Parat et al. (2005) studied the long-term effect of sewage sludge application
on soil organic matter and reported that the microbial biomass as well as OC content
was higher than that in the unamended soil. Mendoza et al. (2006) reported that
soil pH decreased due to the application of sludge and it increased the organic

matter and extractable Cu, Zn, Ni, Pb, Mn and Fe in the soil.

Bai et al. (2017) observed that sewage sludge application combined with
green manuring decreased bulk density, pH, salinity, and exchangeable sodium
percentage of the topsoil and increased aggregate stability, cation exchange capacity,

N and P concentration of the topsoil.



2.2.3 Microbial Population

Application of sludge having very low concentration of heavy metals
improved soil microbial activity, their population and microbial biomass (Powlson,
2002). Application of sewage sludge to soil not only promotes crop yields and
improving soil physical and chemical properties but also promotes soil biological
activity. Application of sewage sludge significantly increases the microbial biomass-
C, basal respiration, N-mineralisation, and some soil enzyme activities such as
urease, BAA-protease, dehydrogenase, alkaline phosphatase and -glucosidase,
which promotes the recycling of nutrients for crop (Angin and Yaganoglu, 2011)

Banarjee (1997) studied the effect of sewage sludge application on biological
and biochemical properties of soil. Sludge application increased the amount of
microbial biomass present in the soils and enhanced the N mineralization potential of
the soil. Potential activities of three soil enzymes such as arylsulfatase, acid

phosphatase and alkaline phosphatase were increased by sewage sludge application.

Kizilkaya and Bayrakli (2005) studied the effect of different doses of sewage
sludge on activities of soil enzymes and reported that there was a significant
increase in the activity of B-glucosidase, alkaline phosphatase, arylsulphatase and

urease.

2.3 Effect of Sewage Sludge and Compost on Heavy Metal Accumulation in Soil
and Plant

Sewage sludge and MSW compost contain important plant nutrients and
organic matter that can improve soil fertility. But the presence of toxic heavy metals
in sewage sludge and MSW compost often causes soil contamination, phytotoxicity
and undesirable residues in plant and animal products (Alloway and Jackson, 1991).

There is a chance for pollution problems if theses toxic metals are mobilized into the



soil solution and are either taken up by plants or transported in drainage waters. In
case of humans and animals the health may be adversely affected by the consumption
of such crops or intake of contaminated waters. Long term application of sewage
sludge and MSW compost can also cause a significant accumulation of Zn, Cu, Pb,
Ni and Cd in the soil and plants (Mulchi ez al., 1991).

Effect of long-term application of treated sewage water on heavy metal
accumulation in vegetables was studied by Ghosh ef al. (2011) and the results showed
that treated sewage water is a rich source of essential plant nutrients but contained
Cd, Cr and Ni in amounts well above the permissible limits for its use as irrigation
water. Long term application of treated sewage water resulted in significant build-up
of total and DTPA extractable Cd, Cr, Ni and Pb than the ground water irrigated sites.
Eid ef al. (2017) reported that incorrect use of sewage sludge adversely affect the

agro ecosystem productivity.

A significant increase in concentrations of Pb, Ni, Cu, Cr, and Zn was
recorded in the sewage sludge amended soil as compared to unamended control soil
(Belhaj, 2016). Results indicated that metal concentrations were higher in the plant
tissues grown in sewage sludge amended soils than in control soil. Concentrations of
metal increased with the increasing rates of sludge application. Metal accumulation
was higher in shoots than in the roots and was found in the order of Cr > Ni > Cu

>7n.

Pot culture experiment conducted by Asokan (2017) reported that growth and
yield of marigold was higher in the treatment receiving sewage sludge and soil in 1:9
ratio. The content of heavy metals (Cd, Cr, Ni, Pb) in shoot and root of marigold was

above the permissible limit in treatment receiving sludge alone.

The sewage sludge amendment significantly altered the soil properties such as

the salinity, pH, organic matter and Cr, Fe, Ni and Zn concentrations in comparison



to the control soil. Salinity, organic matter and Cr, Fe, Ni and Zn concentrations

increased, but the soil pH decreased in response to the sewage sludge applications.

Gupta et al. (2010) conducted an experiment to find the effect of waste
water irrigation on heavy metal accumulation in soil and edible parts of plants such
as Colocasia esculentum, Brassica nigra, and Raphanus sativus. Eventhough the
wastewater contains low levels of the heavy metals like Fe, Mn, Pb, Cd, and Cr, the
soil and plant samples show higher values due to accumulation. The metal
accumulation trend of wastewater-irrigated soil is in the order: Fe>Pb>

Mn > Cr > Cd.

Sewage sludge application above 4.5 kg m™ increased the yield of rice, but
caused risk of food chain contamination as concentrations of Ni and Cd in rice grains
were found to be above the Indian safe limits of human consumption and in case of
Pb concentration was above the Indian safe limits of human consumption when the

sludge application was above 6.0 kg m? (Singh and Agrawal, 2010).

Tiwari ef al. (2011) evaluated the metal concentrations in selected vegetables
grown in mixed industrial effluent irrigated agricultural field near Vadodara.
Concentration of heavy metal accumulation in soil showed the trend of Fe > Mn > Zn
> Cd > Cu > Pb > Cr> As. Among the studied ten vegetable species five vegetable
species such as Spinach, Radish, Tomato, Chili and Cabbage showed high
accumulation and translocation of toxic metals like As, Cd, Cr, Pb and Ni in their
edible parts. They concluded that vegetable crops restricting toxic metal in their non-
edible part may be recommended for cultivation in such metal contaminated

agricultural field.

The impact of sewage sludge on growth, development and quality of Zoysia
Japonica and Poa annua grass species was studied by Wang er al. (2008). They

concluded that sewage sludge applied in various doses increased the heavy metal



content in soil and observed that contamination of Cd exceeded the safe limit

whereas concentration of Zn, Pb and Cu were within the permissible limit.

A pot experiment was conducted by Singh and Agrawal (2007) to study the
usefulness of sewage sludge amendment for palak and consequent heavy metal
contamination, by mixing sewage sludge at 20% and 40% (w/w) amendment ratios to
the agricultural soil. They concluded that Cd, Cu, Mn and Zn concentrations in soil
were higher at 40% soil sludge amendment, whereas Ni, Pb and Cr concentrations
were higher at 20% sewage sludge amendment. Concentrations of heavy metals in
shoots and roots of plants grown in sewage sludge-amended soils were significantly

higher as compared to those in unamended soil.

Singh and Agrawal (2006) observed that increased heavy metal content in soil
due to sewage sludge application led to the increased uptake of Ni, Cd, Cu, Cr, Pb
and Zn in plants. The accumulation was more in roots than shoot for most of the

heavy metals.

Heavy metal content was found higher in seeds of cowpea plants grown in
sewage sludge amended soil (Singh and Agarwal 2010). Effect of sewage sludge
water and canal irrigation water was compared for their physico chemical properties
and heavy metal accumulation by Swapnanil et al. (2011) and reported that

concentration of Cd was above Indian standard limits.
2.4 Sewage Sludge Compost as a Nutrient Source

The sludge acts as an important reservoir of nitrogen, phosphorus,
micronutrients and OC. Therefore the use of sewage sludge results in significant
improvement in soil OC content and increased the availability of plant essential
nutrients in the soil, particularly nitrogen, thereby causing an increase in the biomass

yield of plants. Sometimes this increment will be more than those grown on
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recommended NPK treated soils. However, an increase in heavy metal concentration
in edible portion of the plant may occur, which should be taken into consideration
before recommending sludge application. Therefore, prior to application in the soil,
the dose of sewage sludge should be standardised for a particular crop based on heavy

metal and other pollutant concentrations.

Composting of sewage sludge can be done to minimize the availability of
heavy metals by adding various additives (Fang and Wong, 1999). The reduction in
the bioavailabilty of heavy metals might be due to the transformation of insoluble
carbonates, adsorption of heavy by the bulking agents or by the formation of organo-
metallic compounds during the composting process. Composting of sewage sludge
can be done by using various additives such as zeolite, coal flyash, coirpith, sawdust,

lime etc.

Composting is a biological process that uses naturally occurring
microorganisms to convert biodegradable organic matter into a humus-like product
and it is a suitable method for recycling waste water treatment sludge. Composting of
municipal solid waste is a method of diverting organic waste materials from landfills
and creating a product, which is available at relatively low-cost and it is suitable for

agricultural purposes (Kaur ef al., 2012).
2.4.1 Effect of lime on Sewage sludge composting

The addition of liming material is very effective for reducing the plant
availability of metals probably due to the transformation of less soluble metal
carbonates and hydroxides at higher pH (Wong and Selvam, 2006).

Humification of organic matter occurs during composting and this will have a
significant effect on the physicochemical form of heavy metals. Wong and Selvam,

(2006) conducted a study to investigate the effect of co-composting of sewage sludge
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with lime on heavy metal speciation and the changes in DTPA extractable metals.
They reported that addition of lime in composting process lowered the DTPA

extractable metal contents.

Fang and Wong (1999) conducted an experiment to find the effect of lime
amendment on exchangeable and acid extractable fractions of heavy metals and
reported that there was a significant reduction in the exchangeable and acid
extractable fractions of Cu, Mn, Pb and Zn of lime-sludge compost. During lime

sludge composting there was a reduction in DTPA extractable metal contents.

According to Kung et al. (2007), the higher ion exchange capacity and
alkalinity of lime and zeolite contributes {o significant reduction in DTPA extractable
Pb, Cu and Zn in matured sewage sludge compost. Zeolite and lime would contribute

to inhibit the mobility of metals during sewage sludge composting process.
2.4.2 Effect of fly ash on sewage sludge composting

Coal fly ash is a byproduct from coal fired power plants and its chemical
composition and pH varies depending upon the coal source. Coal fly ash contain
higher amount of MgO and CaO. These compounds have the ability to precipitate the
heavy metals in sewage sludge compost and thus decrease the toxicity of heavy
metals to plants which are grown in sewage sludge compost with coal fly ash (Wong
etal., 1997).

Beaver et al. (1995) reported that coal fly ash didn’t inhibit the biological
activity in composting and it improved the nutrient status of sewage sludge compost.
Fang et al. (1999) conducted an experiment to evaluate the effect of coal fly ash on
nutrient transformation during sewage sludge composting. The result revealed that

coal fly ash raised the pH of sewage sludge compost during the composting period.



Coal fly ash does not inhibit the carbon cycle and it inhibited the nitrification process

and phosphorus transformation.
2.4.3 Effect of Zeolite on Sewage Sludge Composting

Due to the presence of heavy metals the management of sewage sludge is very
difficult. Natural zeolite have the ability to remove cations from aqueous solution as

well as solid phase by the property of ion exchange (Zorpas et al., 1999).

Zorpas et al. (2000) conducted a study to find the effect of application of
natural zeolite for immobilization of heavy metals in the water hyacinth compost and
reported that it improved the physical and chemical properties of the compost. Zeolite
can be used as a bulking material in composting process and it improves the
composting process and the biodegradability of the organic matter due to its ability to

increase the porosity of the substrate.

An experiment conducted by Zorpas et al. (2008) revealed that with an
increasing level of zeolite the concentrations of all the heavy metal in the sewage
sludge compost sample decrease. Natural zeolite can be effectively used for reducing
mobility and bioavailability heavy metals in sewage sludge composting due to its
sorption and exchangeable properties towards the heavy metals. Natural zeolite have
the ability to uptake easily available fractions and exchangeable fractions of heavy
metals (Singh and Kalamdhad, 2012).

2.4.4 Effect of Coirpith and Sawdust on Sewage Sludge Composting

Sewage biosolid compost prepared with coirpith compost was found to be
effective in restricting the availability of heavy metal and 60 days of composting was

found to be sufficient for land application (Chitdeshwari and Savithri, 2004).



The decreased extractability of metals from coirpith compost might be due to
the low availability of organic compounds from the ligniferous coirpith. This was in

line with the results reported by Petruzzelli et al. (1985).

Bazrafshan et al. (2006) conducted an experiment to find the optimum
conditions of co-composting of sewage sludge with sawdust and reported that the
concentration of cadmium and other heavy metals in final compost is less than

maximum contaminant level in sewage sludge compost.

According to Zorpas and Loizidou (2008), composting of sewage sludge
with different ratios of sawdust and zeolite decreased the heavy metal content in
sewage sludge than the initial value. Humic substances in the final product increased

with the increased addition of sawdust.
2.5 Effect of Composting of Sewage Sludge on Heavy Metal Speciation

Heavy metals are defined as elements in the periodic table having atomic
number greater than 20 or densities more than 5 g cm” generally excluding alkali

metals and alkaline earth metals (Sherene, 2010).

Land application of sewage sludge after composting is considered as one of
the most economical ways for the treatment and final disposal of sewage sludge
because it combines material recycling with sludge disposal at the same time (Fang
and Wong, 1999).

The total concentrations of heavy metals indicate the extent of contamination.
But total concentration of heavy metal provide only little information about the forms
in which heavy metals are present, or about their potential for mobility and

bioavailability in the environment (Lake, 1987). On dry weight basis the total heavy



metal content in sewage sludge is about 0.5-2.0% but in some cases may rise up to

4%, especially for metals such as Cu and Zn (Karvelas et al., 2003).

Chemical speciation can be defined as the process for identifying and

quantifying different forms or phases present in a substance (Zheng et al., 2007).

Heavy metals are non-biodegradable and occur in different forms in sewage
sludge and its compost. In order to assess their environmental impact their mobility
and bioavailability in a given medium are very important. This can be achieved
through but also their chemical speciation in sludge and compost (Nomeda ef al.,
2008)

During composting process, organic matter mineralization and the metal
solubilization occurs by the decrease of pH. Metal biosorption by the microbial
biomass or metal complexation with the newly formed humic substances may occurs.

(Zorpas et al., 2008).

According to Tessier et al. (1979) heavy metals are associated with five
fractions. Exchangeable fraction, which is affected by sorption - desorption process.
Carbonate fraction affected by changes in pH, reducible fraction which consist of iron
and manganese oxides and is thermodynamically stable under anoxic conditions,
organic fraction that undergo degradation and leading to the release of soluble metals
under oxidizing conditions. Residual fraction that contains primary and secondary

minerals that may hold metals within their crystal structure.

Doelsch, et al. (2006) reported that available fraction of heavy metals mainly
decides their mobility, bioavailability or phytotoxicity in soils. Assessment of
concentrations and chemical speciation of heavy metals in sewage sludge composts

helps to evaluate their bioavailability and suitability for land application.



Zorpas et al. (2008) reported that sequential extraction procedure of sewage
sludge compost with zeolite took up metal bound in the exchangeable and carbonate

fractions into residual fraction which is in an inert form.

Yuan et al. (2011) conducted an experiment to evaluate the effect of bulking
agents on reducing the mobility and bioavailability of Zn, Cu, Pb and Cr during the
sewage sludge composting process. They reported that the composting processes
shows an increase in the stable fractions of Zn, Cu, Pb and Cr over time by

composting.
2.6 Effect of Sewage Sludge and Compost on Growth and Yield of Crops

Fanny et al. (2015) reported that sewage sludge application to rice and wheat
increases the grain yield and test weight by increasing the number of tillers. But
higher dose of sludge application to rice increased the heavy metal content in rice
grain. Application of higher doses of sludge (30 and 40 t ha ') increased N, K, S and
Zn contents in soil even after the harvest of wheat. They concluded that sewage

sludge has a potential to supply the nutrients to crops for prolonged time.

Solanki et al. (2017) reported that application of sewage sludge significantly
increased the plant height of marigold at all growth stages of crop (30, 45 and 60
DAT). The plant height was linearly increased with increase in sewage sludge

application rates up to 100% sewage sludge.

A pot culture experiment was conducted by Kharub (2012) to investigate the
effect of sewage sludge on the emergence and growth quality of ladies finger. Results
pointed out that 30:50 soil: sewage sludge had a better positive result on the

emergence and growth of ladies finger.
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. Antolin et al. (2005) reported that there is an increase in barley grain yield
through the application of sewage sludge. The increase in grain yield yield is mainly
due to the improvement in soil microbiological properties which promoted the

recycling of nutrients for the crop.

Plant dry matter, fruit yield and mineral content including N, P, K, Ca and Mg
increased in tomato fruit by the application of increasing rates of sewage sludge

(Silva. 2016).

Hussein (1991) reported that sludge application increased the Ca, Mg,
K, N, Fe, Mn, Cu and Zn content in corn, sugar beet and cotton plants and their

yield of the three crops increased by application of sewage sludge.

Asokan (2017) conducted an experiment to find out the performance
evaluation of sewage sludge as a growth medium for ornamentals. Results revealed
that plant growth parameters such as plant height and secondary branches was

maximum in the treatment receiving potting mixture and sewage sludge in 9:1 ratio.

Flower pot experiment conducted by Belhaj e al. (2016) revealed that
sewage sludge amendment increased root and shoot length, number of leaves,
biomass and antioxidant activities of sunflower. The increase in anti-oxidant enzyme
activity (glutathione, proline) and soluble sugar content may be the defense

mechanisms induced in response to heavy metal stress.

Jamil er al. (2006) suggested that different treatments of sewage sludge
application increased the yield and yield attributes of wheat crop as compared to
untreated soil. Maximum height (107 cm), no of tillers (433 m?), and straw yield
(9.82 t ha") was observed in the treatment plant receiving 80 t ha” of sewage sludge.
But in the case of number of productive tillers, 1000 grain weight, grain yield,
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number of grain spike” was observed in treatment amended with 40 t ha' of sewage

sludge.

Sewage sludge can be successfully used for fertilization of forest lands and
urban landscapes. Application of sludge in forestry is an ideal utilization option for
this type of waste along with its ability to improve the structure and fertility of forest
soils. Plants of E. camaldulensis fertilized soil/sludge mixture that contained 60% of
sludge showed 20% better growth and 40% high leaf numbers. Sludge addition to soil
improved plants growth and development (Leila et al., 2017).
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3. MATERIALS AND METHODS

A scientific study entitled “Heavy metal stabilized sewage sludge compost as
a growth medium for ornamentals” was conducted at College of Agriculture
Vellayani during the period 2017-19. Sewage sludge generated from sewage
treatment plant Muttathara, Trivandrum was used for the study. The materials and

techniques employed for the study are described under the following headings.
Study comprises of two phases

1. Composting experiment — preparation of heavy metal stabilized sewage
sludge compost.
2. Pot culture experiment to evaluate the suitability of sewage sludge compost

as a growth medium for ornamentals with marigold as test crop.
3.1 COMPOSTING EXPERIMENT

For conducting the experiment sewage sludge collected from Muttathara

sewage treatment plant was utilized.
3.1.1 Collection of Sewage Sludge Samples

Representative samples were collected from different zones of sewage sludge
yard. Five samples were collected from each zone and composite samples was

prepared by using quartering technique.
3.1.2 Preparation of Composts

Heavy metal stabilized sewage sludge compost was prepared as per the
treatments using sewage sludge, liming material, heavy metal adsorbent and bulking
agents. Composting period was 60 days. The sewage sludge, coirpith, zeolite and

sawdust used in the experiment was characterized for chemical properties like pH,
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EC, organic carbon, C: N ratio, total N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu and

B. The neutralizing value of fly ash and lime were determined.

3.1.2.1 Experimental Details

Design : CRD

Treatments : 8

Replication : 3

Liming material : 2 (lime and fly ash). Liming materials were added to bring
the pH of the sewage sludge to 7 (250 g of lime and 2.5 kg of
flyash)

Heavy metal adsorbent : 1 (Zeolite)
Bulking agent : 2 (Sawdust and coirpith)

Table 1. Treatment details of composting experiment

T | Sewage sludge + coir pith (50:50) + lime Compost 1
T, | Sewage sludge + coir pith + zeolite (50:30:20) + lime Compost 2
T; | Sewage sludge + sawdust + (50:50) + lime Compost 3
T4 | Sewage sludge + sawdust + zeolite (50:30:20) + lime Compost 4
Ts | Sewage sludge + coir pith (50:50) + fly ash Compost 5
Ts | Sewage sludge + coir pith+ zeolite (50:30:20) + flyash Compost 6
T, | Sewage sludge + sawdust (50:50) +flyash Compost 7
Ts | Sewage sludge + sawdust + zeolite (50:30:20) + flyash Compost 8

3.1.2.2 Characterization of Composts

Compost samples were drawn from different treatments on 0™, 30" and 60
days of composting. The compost samples were analysed for physical, chemical and
biological properties such as moisture content, bulk density, pH, EC, organic
carbon, C:N ratio, total N, P, K, Ca, Mg, S, micronutrients (Fe, Mn, Zn, Cu, B),
heavy metal content ( Pb, Cd, As, Cr, Ni), heavy metal fractions (Exchangeable,



Table 2. Analytical procedures followed for compost analysis

Sl. | Parameter Method Reference
No
1 pH pH meter (compost and water taken in | FAI (2017)
1:5 ratio w/v)
2 | EC Conductivity meter (compost and water | FAI (2017)
taken in 1:5 ratio w/v)
3 | Organic Weight loss on ignition FAI (2017)
carbon
4 | Total N Microkjeldahl distillation after | Jackson (1973)
digestion with H,SO4
5 | Total P Nitric-perchloric (9:4) acid digestion | Greenberg et al. (1992)
and spectrophotometry using vanado-
molybdo yellow colour method
6 | Total K Nitric-perchloric (9:4) acid digestion | FAI (2017)
and flame photometry
7 | Total S Nitric-perchloric (9:4) acid digestion | Massoumi and Cornfield
and estimation using turbidimetry. (1963)
8 | Total B Nitric-perchloric (9:4) acid digestion | Roig et al. (1996)
and spectrophotometry - Azomethine-H
method
9 | Total metals | Nitric-perchloric (9:4) acid digestion | FAI (2017)
(Ca, Mg, Fe, | and atomic absorption spectrometry
Mn, Cu, Zn,
Pb, Cd, Ni,
Cr, As)
10 | Fractionation | Exchangeable, Carbonate, Reducible Tessier et al. (1979)
of heavy | Organic matter bound and Residual
metal (Pb, Cd, | fraction
Ni, Cr, As)
11 | Bulk density | Tap volume Saha et al.(2017)
12 | Moisture Oven dry method FAI (2017)
content
13 | Coliforms Serial dilution and spread plating Goldman and Green

(2008)
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Carbonate, Reducible, Organic, Residual) and for enumeration of E. coli as per

standard procedures given in Table 2.
3.2 Pot Culture Experiment

Pot culture experiment was conducted to evaluate the performance of sewage

sludge compost as a growth medium for ornamentals with marigold as test crop.
3.2.1 Experimental Details
Design : CRD

Number of treatments : 9

Replication : 3
Test Crop : Marigold
Variety : Pusa Narangi Gainda

Treatment details

T;: Soil + sewage sludge (1:1) [control]
T,: Soil + compost 1 (1:1)

T;: Soil + compost 2 (1:1)

T4: Soil + compost 3 (1:1)

Ts: Soil + compost 4 (1:1)

Te: Soil + compost 5 (1:1)

T7: Soil + compost 6 (1:1)

Ts: Soil + compost 7 (1:1)

To: Soil + compost 8 (1:1)



ToR2

TiRz TsRi
TiR2 T7Ri TsR3
T7R2 TeR1 T2R3
TsR2 TR T4R1
TsRs3 TiRy ToR1
T2R:2 TeR3 T7R3
TsR2 T2Ri TiR3
TaR3 T3R3 TsRi
TsR3 TzR2 TsR2

Fig.1.Layout of pot culture experiment



3.2.2 Growing Media

The growing medium used in this study were prepared with potting mixture
(sand: soil: FYM @ 1:1:1) and dried sewage sludge compost. Sufficient grow bags
having a capacity of 10 kg were procured and filled with the growing media and

different composts as per the treatments.
3.2.3 Planting

Seedlings were raised in portrays filled with cocopeat, vermiculite and perlite
in the ratio 1:1:1. The seedlings were transplanted one month after sowing.
Plants were given uniform irrigation. Necessary shade was also provided for first

few days after transplanting.

The recommended rate of fertilizers were applied as per package of practices
recommendation of KAU (2016). Pinching was done to increase the total yield by
removing the terminal bud portion of the plant 30 days after transplanting. Top
dressing of the crop with urea was done at the time of pinching. Crop was irrigated
depending upon the moisture and weather conditions. Weeding was carried out. Crop
was ready for first harvest 30 days after transplanting and subsequent harvest

were made at regular intervals.
3.2.4 Analysis of Growing Medium

Samples of growing media was collected from each treatment unit. Samples
were air dried, ground and sieved through 2 mm sieve and stored in air tight
container. Samples were drawn before and after planting the crop. They were
analyzed for physical, chemical and biological properties as per the standard

procedures given in Table 3.



Plate 1. General view of the experimental field

Plate 2. Effect of treatment on number of flowers



Table 3. Analytical procedures for growing media analysis

Parameter Method Reference
1 pH Potentiometry FAI (2017)
2 | EC Conductometry FAI (2017)
3 | Organic carbon Chromic acid wet digestion Walkley and Black
(1934)
4 | Available N Alkaline potassium permanganate | Subbiah and Asija
method (1956)
5 | Available P Bray No. 1 extraction and | Jackson (1973)
spectrophotometry
6 | Available K Neutral IN ammonium acetate | Jackson (1973)
extraction and flamephotometry
7 | Available Ca, Mg | Neutral IN ammonium acetate | Hesse (1971)
extraction and Atomic Absorption
spectrophotometry
8 | Available S 0.15 % CaCl, extraction and | Massoumi and
turbidimetry Cornfield (1963)
9 | Available Fe, Mn, | 0.1 M HCI extraction and Atomic | Osiname et al. (1973)
Zn, Cu, Pb, Cd, Cr, | Absorption Spectrophotometry
Ni, As
10 | Available B Hot  water extraction and | Gupta (1967)
spectrophotometry
11 | Dehydrogenase Spectrophotometric method Casida et al.(1964)
activity
12 | Coliforms Serial dilution method Goldman and Green

(2008)




3.2.5 Collection of Plant Samples for Analysis

After the final harvest of the crop, plants were uprooted and shoots and roots
were separated. To remove the adhering soil particles roots were washed in running
water. Shoots and roots were air dried and oven dried at 60 °C. Oven dried weight
was recorded. The dried samples were chopped, powdered and stored for further

analysis.
3.2.6 Analysis of Plant Samples

Shoots and roots were analysed separately for N, P, K, Ca, Mg, S, Fe, Mn,
Cu, Zn , B and heavy metals like Cd, Ni, Cr, Pb and As. Analytical procedures

followed in plant analysis are given the Table 4.

Table 4. Analytical procedures for plant sample analysis

;l(') Parameter Method Reference
1 Total N Microkjeldahl distillation after Jackson (1973)

digestion with H,SO4

Nitric-perchloric (9:4) acid digestion

2 Total P and spectrophotometry using vanado- Greenberg et al.

molybdo yellow colour method (1292)
Nitric-perchloric (9:4) acid digestion
3 Total K and flame photometry FAI (2017)
4 Total S Nitric-perchloric (9:4) acid digestion | Massoumi and
and estimation using turbidimetry. | Comfield (1963)
Nitric-perchloric (9:4) acid digestion
5 Total B and spectrophotometry - Roig et al. (1996)
Azomethine-H method.
Total metals
(Ca, Mg, Fe,

6 Cu, Mn, Zn, I;Irlltcli'lc:;pé:r_c:hl(;)ric (9;2) acid ;i:og;suon
Pb, Cd, Ni, Cr, atomic absorption spec etry

As)

FAI (2017)




3.2.7 Plant Growth Parameters

Plant growth parameters were recorded from three tagged plants from each

replication and the average was worked out.
3.2.7.1 Plant Height

Height of the plants were measured from the base of the plant to the

terminal leaf bud at 30 days after planting and expressed in centimeter.
3.2.7.2 Number of Primary Branches per Plant

The number of primary branches were counted from tagged plants from

each treatment units and the average was worked out.
3.2.7.3 Number of Secondary Branches per Plant

The number of secondary branches from tagged plants from each
treatment units were counted when the growth of the plant had stopped and the

average was worked out.
3.2.8 Floral Parameters
3.2.8.1 Days to First Flowering

Number of days from the date of transplanting to the first flowering of

observational plants were recorded and the average was worked out.
3.2.8.2 Flower Diameter

The maximum diameter of fully opened flowers were measured with a scale -

and the value expressed in centimeters.
3.2.8.3 Flower Length

The length of the flower was measured from the point of emergence to the tip

of the flower with a scale and expressed in centimeters.
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3.2.8.4 Flower Weight

The individual fresh weight of flowers during harvest were taken and the

average weight was calculated and expressed in grams.
3.2.8.5 Number of Flowers per Plant

The total number of flowers produced per plant during the entire flowering

season was counted and recorded as no of flowers per plant.
3.2.9 Biochemical Analysis

The biochemical analysis such as chlorophyll content of leaves, xanthophyll

and flavonoid content of flowers were done using standard procedures.
3.2.9.1 Chlorophyll Content in Leaves

The chlorophyll content of the leaves at flowering was analysed by dimethyl
sulphoxide (DMSO) extract method. It was measured from the leaf extract by
spectrophotometer and expressed in mg g (Sadasivam and Manickam, 1992).

3.2.9.2 Xanthophyll Content in Flower

The xanthophyll content of flowers from initial harvests was extracted using
acetone and hexane extract method (Bolanos ef al., 2004). Xanthophyll content was

measured from flower extract by spectrophotometer and expressed in mg g’
3.2.9.3 Flavoneid Content in Flowers

Total flavonoid content was measured by aluminium chloride colorimetric
assay (Har et al., 2012). Total flavonoid content was measured from the flower

extract by spectrophotometer at 510 nm and expressed as mg of ME g
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3.2.10 Yield
3.2.10.1 Flower Yield

The total fresh weight of flowers from each plant was recorded

and expressed in grams.
3.2.10.2 Dry matter Yield of Shoot and Root

Dry matter yield of shoot and root at harvest was determined from the fresh
weight and oven dry weight of shoot and root. For getting oven dry weight the fresh
shoots and roots were shade dried and then oven dried at 60 °C to a

constant weight and expressed in gram per plant.
3.3 Statistical Analysis

The data obtained from the experiment were subjected to analysis
of variance as per design, CRD and their significance was tested using F test. All
statistical analysis were carried out by using standard procedures described by Panse
and Sukhatme (1978).
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4. RESULTS

The investigation entitled “Heavy metal stabilized sewage sludge compost as
a growth medium for ornamentals” was conducted in the department of Soil Science
and Agricultural Chemistry, College of Agriculture, Vellayani during 2017-2019 with
the objective to prepare and characterize heavy metal stabilized sewage sludge
compost and to evaluate its suitability as a growth medium for marigold. Sewage
sludge for the study was obtained from sewage treatment plant, Muttathara

Thiruvananthapuram. The results of the study are presented in this chapter.
4.1 COMPOSTING EXPERIMENT

Sewage sludge composts were prepared using different bulking agents, liming
materials and heavy metal adsorbents. Compost samples were taken during 0™, 30"
and 60" day of composting and were analysed for various physical, chemical and

biological characters.

4.1.1 Characterization of Composting Materials used for the Preparation of
Sewage Sludge Compost

Materials used for the preparation of sewage sludge compost such as sewage
sludge, coirpith, sawdust and zeolite were subjected to various physical, chemical and
biological analysis to understand their properties. The results obtained are presented
in Table 5.

4.1.1.1 Sewage Sludge

The results obtained indicated that sewage sludge generated from sewage
treatment plant Muttathara had a pH of 5.36, an electrical conductivity of 8.08 dS m™.
The organic carbon content was high (17.03%) with a C:N ratio of 10.14. It was rich
in plant nutrients N (1.68 %), P (7.73 %), K (1.20 %), Ca (12.00 %), Mg (4.80 %), S
(616.00 mg kg), Fe (4500 mg kg™), Mn (1028.80 mg kg™'), Zn (220.00 mg kg™'), Cu
(250.00 mg kg') and B (23.06 mg kg™').The sludge contained heavy metals Pb (73.20



mg kg™), Cr (113.20 mg kg"), Ni (122 mg kg') and Cd (10.8 mg kg™') of which Cr,
Ni and Cd were above the critical limit. As was not detected. £.coli was not detected

in these sludge samples.
4.1.1.2 Coirpith

Coirpith used in this study had a pH of of 5.84 with an electrical conductivity
of 0.72 dS m™ and an organic carbon content of 58 %. N, P and K contents were 1.01
%, 0.02 % and 0.04 % respectively. The secondary nutrients content in coirpith were
found to be Ca (0.16 %), Mg (0.19 %) and S (0.06 %). The content of Fe, Mn, Cu and
Zn were 3165.20 mg kg™', 11.60 mg kg', 24.40 mg kg' and 70 mg kg respectively.
Boron and heavy metals like cadmium, chromium, lead, nickel and arsenic were not
detected.

4.1.1.3 Zeolite

The results revealed that zeolite used in this study had a pH of of 7.41 with an
electrical conductivity of 0.17 dS m™ and an organic carbon content of 2.32 %. N, P
and K contents were 0.22 %, 0.05 % and 0.12 % respectively. The secondary
nutrients such as Ca, Mg and S content in zeolite were found to be 0.03%. 0.19 % and
0.01 % respectively. The content of Fe, Mn, Cu and Zn were 38.89 mg kg!, 2.93 mg
kg', 0.17 mg kg! and 0.15 mg kg’ respectively. Boron and heavy metals like

cadmium, chromium, lead, nickel and arsenic were not detected.
4.1.1.4 Sawdust

The results revealed that sawdust used in this study had a pH of of 5.66 with
an electrical conductivity of 1.80 dS m™ and an organic carbon content of 52.20 %. N,
P and K contents were 0.78 %, 0.01 % and 0.12 % respectively. The secondary
nutrients such as Ca, Mg and S content in sawdust were found to be 0.08%, 0.48 %

and 0.06%. The content of Fe, Mn and Zn were 682 mg kg™', 19.60 mg kg™’ and 51.20

191}



Table 5. Characterization of composting materials

Parameters Sewage sludge Coirpith Zeolite Sawdust
pH 5.36 5.84 7.41 5.66
EC (dS m™) 8.08 0.72 0.17 1.80
OC (%) 17.03 58.00 2.32 52.20
C:N 10.14 57.43 10.54 66.92
N (%) 1.68 1.01 0.22 0.78
P (%) 7.73 0.02 0.05 0.01
K (%) 1.20 0.04 0.12 0.12
Ca (%) 12.00 0.16 0.03 0.08
Mg (%) 4.80 0.19 0.19 0.48
S (mg kg 616.00 0.06 0.01 0.06
Fe (mg kg') 4500.00 3165.20 39.89 682.00
Mn (mg kg') 1028.80 11.60 293 51.20
Zn (mg kg') 220.00 70.00 0.15 19.60
Cu (mgkg") 250.00 24.40 0.17 ND
B (mg kg!) 23.06 ND ND ND
Pb (mg kg) 73.20 ND ND ND
Cd (mgkg") 10.80 ND ND ND
Cr (mg kg") 113.20 ND ND ND
Ni (mg kg") 122.00 ND ND ND
ND ND ND ND

As (mg kg')




mg kg! respectively. Boron, copper and heavy metals like cadmium, chromium, lead,

nickel and arsenic were not detected.
4.1.2 Physical Chemical and Biological Properties of Sewage Sludge Composts

The physico-chemical characteristics of sewage sludge composts prepared as

per the treatments are presented below.
4.1.2.1 Moisture Content

The results of moisture content of different sewage sludge compost prepared

as per the treatments are presented in Table 6.

The moisture content of different sewage sludge compost was significantly
influenced by different treatments. Moisture content had an increasing trend on 30t
day but on 60" day a drop was observed. Ts recorded the highest value on 0" (51.09
%) and 30" day (54.93 %) and was significantly higher from all other treatments. On
60™ Ts recorded the highest value (49.78 %), which was on par with T} (47.41 %).

4.1.2.2 Bulk Density

Bulk density of compost at different composting periods were significantly
influenced by the treatments and were within the limit prescribed by FCO and the
data is presented in Table 7. On all the sampling intervals T3 recorded the highest
bulk density. On 0™ day T3 had a highest bulk density of 0.66 g cc' followed by Ts
(0.62 g cc™') which was found to be on par. On 30" day T3 had a value of 0.68 g cc™!
which was on par with T7 (0.66 g cc™') and T4 (0.67 g cc™') were found to be on par.
On 60™ day T had a value of (0.71 g cc™') which was on par with T7 (0.69 g cc™') and
T4 (0.70 g cc™). '

4.1.2.3 pH

The data pertaining to the influence of treatments on pH of the compost is

presented in the Table 8.



Table 6. Effect of treatments on moisture content during composting, %

Treatments 0D 30D 60 D
T, SS + CP (50:50) + lime 41.72 51.29 47.41
T, SS + CP + Z (50:30:20) + lime 40.82 47.04 42.83
T; SS + SD (50:50) + lime 35.10 34.93 37.45
T4 SS + SD + Z (50:30:20) + lime 35.03 4491 39.52
Ts SS + CP (50:50) + flyash 51.09 54.93 49.78
Te SS + CP + Z (50:30:20) + flyash 43.77 47.00 43.42
T, SS + SD (50:50) + flyash 29.19 32.68 39.53
T SS + SD + Z (50:30:20) + flyash 38.71 43.48 41.14
SE (m) 0.68 0.81 1.76
C.D. (0.05) 2.08 245 3.66

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust

Table 7. Effect of treatments on bulk density during composting, g cc™'

Treatments 0D 30D 60D
T, SS + CP (50:50) + lime 0.40 0.42 0.44
T, SS + CP + Z (50:30:20) + lime 0.38 0.4 0.41
T3 SS + SD (50:50) + lime 0.66 0.68 0.71
T4 SS + SD + Z (50:30:20) + lime 0.62 0.67 0.70
Ts SS + CP (50:50) + flyash 0.44 0.45 0.47
Te SS + CP + Z (50:30:20) + flyash 0.36 0.4 0.49
T, SS + SD (50:50) + flyash 0.57 0.66 0.69
Ts SS + SD + Z (50:30:20) + flyash 0.55 0.61 0.64
SE (m+) 0.02 0.02 0.01
C.D. (0.05) 0.08 0.06 0.04

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust




The pH had a decreasing trend on 30" day and after that the pH increased. On
0™ day Ts had the highest value (6.65) followed by T4 (6.55) and T3 (6.42) which were
found to be on par. On 30" day Ts recorded the highest value (5.950) and Ts (5.84),
T7 (5.740) and T4 (5.64) were found to be on par. On 60™ day Ts had the highest value
(7.07) and was found to be statistically different from all other treatments. T>
recorded the lowest value during 0™ (5.59) and 30" (5.29) day.

4.1.2.4 Electrical Conductivity

The electrical conductivity of the compost had an increasing trend throughout
the composting period and is outlined in Table 9 .On 0™ day T recorded the highest
value (5.50 dS m™) and followed by T4 (4.74 dS m™). On 30™ day T> recorded the
highest value (6.27 dS m™), which was on par with T} (6.11 dS m™). T; recorded the
lowest value of 4.10 dS m™ on 0" day and 4.71 dS m™ on 30" day. On 60" day T>
(6.52 dS m™") recorded highest value which was on par with, T} (6.35 dS m™') and T,
(6.05 dS m™).

4.1.2.5 Organic Carbon

The total organic carbon content of the compost was not significantly
influenced by the treatment during 0" and 30™ day of composting (Table 10). Organic
carbon content of the compost decreased during the composting period. On 0% day Ts
recorded the highest value (25.65 %) and on 30" day it was by T (20.51 %). On 60 th
day T7 recorded the highest value (14.45 %) and treatments T (14.23 %), Ts (13.54
%), Ts (13.51 %) and Ts (13.32 %) were found to be on par.

4.1.2.6 C:N ratio

The effect of treatments on C:N ratio was presented in Table 11. On 0™ and
30" day the treatments have no influence on C:N ratio. There was a significant
reduction in the C:N ratio during composting. The highest C:N ratio of final compost



Table 8. Effect of treatments on pH during composting

Treatments 0D 30D 60D
T, SS + CP (50:50) + lime 5.840 5.370 6.230
T; SS + CP + Z (50:30:20) + lime 5.590 5.290 6.570
T3 SS + SD (50:50) + lime 6.420 5.340 6.240
T4 SS + SD + Z (50:30:20) + lime 6.550 5.640 6.740
Ts SS + CP (50:50) + flyash 5.900 5.570 6.280
Te SS + CP + Z (50:30:20) + flyash 6.150 5.840 6.610
T, SS + SD (50:50) + flyash 5.910 5.740 6.750
Ts SS + SD + Z (50:30:20) + flyash 6.650 5.950 7.070
SE (mz) 0.104 0.102 0.093
C.D. (0.05) 0.339 0.334 0.271
D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust
Table 9. Effect of treatments on EC during composting, dS m™
Treatments 0D 30D 60 D
T; SS + CP (50:50) + lime 5.50 6.11 6.35
T, SS + CP + Z (50:30:20) + lime 423 6.27 6.52
T; SS + SD (50:50) + lime 452 5.54 5.68
T4 SS + SD + Z (50:30:20) + lime 4.74 5.25 533
Ts SS + CP (50:50) + flyash 4.30 4.80 5.30
T SS + CP + Z (50:30:20) + flyash 4.20 5.35 5.45
T, SS + SD (50:50) + flyash 4.10 4.71 6.05
Ts SS + SD + Z (50:30:20) + flyash 4.53 4.78 5.30
SE (m+) 0.19 0.15 0.20
C.D. (0.05) 0.60 0.48 0.65

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust
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Table 10. Effect of treatments on organic carbon during composting, %

Treatments 0D 30D 60D
T, SS + CP (50:50) + lime 25.22 20.51 14.23
T, SS + CP + Z (50:30:20) + lime 22.90 16.38 11.31
T3 SS + SD (50:50) + lime 24.53 19.55 12.70
T4 SS + SD + Z (50:30:20) + lime 21.50 16.95 11.47
Ts SS + CP (50:50) + flyash 25.65 20.20 13.32
Te SS + CP + Z (50:30:20) + flyash 24.50 20.49 13.51
T; SS + SD (50:50) + flyash 23.50 12.27 14.45
Tg SS + SD + Z (50:30:20) + flyash 21.10 18.98 13.54
SE (m+) - - 0.54
C.D. (0.05) NS NS 1.62

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust

Table 11. Effect of treatments on C:N ratio during composting

Treatments 0D 30D 60D
T, SS + CP (50:50) + lime 16.93 12.58 8.27
T, SS + CP + Z (50:30:20) + lime 20.09 12.23 7.03
T; SS + SD (50:50) + lime 20.79 14.27 7.90
T4 SS + SD + Z (50:30:20) + lime 18.06 14.12 7.45
Ts SS + CP (50:50) + flyash 23.75 12.32 8.01
Te SS + CP + Z (50:30:20) + flyash 22.27 13.66 8.55
T, SS + SD (50:50) + flyash 17.40 8.29 9.20
Ts SS + SD + Z (50:30:20) + flyash 13.79 12:32 8.48
SE (m+) - - 0.52
C.D. (0.05) NS NS 1.56

D: Days of composting; SS: Sewage sludge ; CP: Coirpith ; Z: Zeolite ; SD: Sawdust
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was observed in T7 (9.20) which was on par with Ty, T3, Ts, Ts and Ts. The lowest
value was obtained in T2 (7.03) which was on par with T4 (7.45).

4.1.2.7 Total Nitrogen

Mean values of total nitrogen during composting experiment are presented in
Table 12. There was significant difference in total nitrogen content between
treatments during 0" day and 60" day. On 0™ day Ts recorded the highest value (1.53
%) which was on par with T; (1.49 %) and T7 (1.35 %). On 60™ day T; recorded the
highest value (1.72 %) which was on par with Ts (1.66 %). On 30" day there was no
significant effect of treatment on total nitrogen and Ts recorded the highest value
(1.64 %) followed by T (1.63 %).

4.1.2.8 Total Phosphorus

There was a significant increase in the total phosphorus content during
composting period (Table 13). On 0 day and 30" day T recorded the highest value
and was on par with Ts. On 60™ day there was no significant influence of treatments

on total phosphorus content during composting.
4.1.2.9 Total Potassium

There was a significant difference between the treatments with respect to total
potassium (Table 14). Treatment Tg recorded highest value for potassium during the
entire composting period. On 0" day it was 0.170 % which was on par with T¢ (0.160
%). On 30™ day Ts recorded the highest value of 0.210 % and was significantly
different from all other treatments. T> recorded the lowest value for total potassium
during the entire composting experiment. (0.080, 0.090, 0.120 % during 0%, 30™ and
60" day of composting)



Table 12. Effect of treatments on total nitrogen during composting, %

Treatments 0D 30D 60D
T, SS + CP (50:50) + lime 1.49 1.63 1.72
T, SS + CP + Z (50:30:20) + lime 1.14 1.34 1.61
T3 SS + SD (50:50) + lime 1.18 1.37 1.61
T4 SS + SD + Z (50:30:20) + lime 1.19 1.20 1.54
Ts SS + CP (50:50) + flyash 1.08 1.64 1.66
Te SS + CP + Z (50:30:20) + flyash 1.10 1.50 1.58
T, SS + SD (50:50) + flyash 1.35 1.48 1.57
Tg SS + SD + Z (50:30:20) + flyash 1.53 1.54 1.60
SE (m%) 0.06 - 0.03
C.D. (0.05) 0.18 NS 0.09

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust

Table 13. Effect of treatments on total phosphorus during composting, %

Treatments 0D 30D 60D
T, SS + CP (50:50) + lime 0.800 1.040 1.150
T, SS + CP + Z (50:30:20) + lime 0.620 0.830 1.070
T3 SS + SD (50:50) + lime 0.490 0.770 1.170
T4 SS + SD + Z (50:30:20) + lime 0.410 0.680 1.040
Ts SS + CP (50:50) + flyash 0.780 0.990 1.200
Te SS + CP + Z (50:30:20) + flyash 0.700 0.840 1.080
T, SS + SD (50:50) + flyash 0.450 0.720 1.120
Ts SS + SD + Z (50:30:20) + flyash 0.410 0.700 1.240
SE (m#) 0.017 0.060 -
C.D. (0.05) 0.057 0.198 NS

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust



4.1.2.10 Total Calcium

There was a significant influence of treatments on total calcium during
composting (Table 15). On 0" day Ts recorded the highest value (10.63 %) followed
by T2 (9.40 %). On 30™ day Ts recorded the highest value (12.20 %) which was on
par with Tg (12.00 %), T7 (12.00 %), Ts (12.00 %), T2 (12.00 %) and T; (11.80 %).
The highest value on the 60" day was observed in Tz (19.06 %) followed by T7
(17.94 %).

4.1.2.11 Total Magnesium

The treatments significantly influenced the magnesium content during
composting as evident from Table 16. On 0™ day the highest value was observed in
Ts (7.07 mg kg'"), which was on par with T7 (7.00 %). On 30™ day T registered the
highest value (9.80 %) followed by Ts (9.10 %). The highest value for magnesium
during the 60™ day was observed in T7 (12.72 %) which was followed by T3 (10.59
%). The least value was observed in T; (9.53 %).

4.2.1.12 Total Sulphur

There was a significant influence of treatments on total sulphur during
composting experiment (Table 17). On 0" day Ts recorded the highest value (0.250
mg kg') and was significantly different from all other treatments. On 30" day the
highest total S was associated with T4 (0.430 %) which was significantly higher than
all other treatments. On 60" day highest value for sulphur was recorded by Ts (0.492
%) which was on par with T7(0.480 %).

4.2.1.13. Total Micronutrient Content
4.2.1.13.1. Iron

The values for iron content differed significantly on 0%, 30" and 60™ days of
composting (Table 18). T recorded the highest iron content at 0, 30™ and 60™ days
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Table 14. Effect of treatments on total potassium during composting, %

Treatments 0D 30D 60D
T, SS + CP (50:50) + lime 0.103 0.180 0.233
T, SS + CP + Z (50:30:20) + lime 0.080 0.090 0.120
T3 SS + SD (50:50) + lime 0.120 0.151 0.169
T4 SS + SD + Z (50:30:20) + lime 0.107 0.090 0.121
Ts SS + CP (50:50) + flyash 0.140 0.191 0.270
Te SS + CP + Z (50:30:20) + flyash 0.160 0.190 0.250
T, SS + SD (50:50) + flyash 0.130 0.180 0.220
Tg SS + SD + Z (50:30:20) + flyash 0.170 0.210 0.290
SE (mz) 0.009 0.003 0.007
C.D. (0.05) 0.028 0.010 0.021

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust

Table 15. Effect of treatments on total calcium during composting, %

Treatments 0D 20D 60D
T; SS + CP (50:50) + lime 9.37 11.80 13.44
T, SS + CP + Z (50:30:20) + lime 9.40 12.00 14.94
T3 SS + SD (50:50) + lime 6.67 10.50 14.63
T4 SS + SD + Z (50:30:20) + lime 6.67 10.70 17.24
Ts SS + CP (50:50) + flyash 10.63 12.20 16.55
T SS + CP + Z (50:30:20) + flyash 6.60 12.00 16.31
T7 SS + SD (50:50) + flyash 8.00 12.00 17.94
Tg SS + SD + Z (50:30:20) + flyash 6.80 12.00 19.06
SE (m) 0.09 0.25 0.336
C.D. (0.05) 0.33 0.51 1.015




Table 16. Effect of treatments on total magnesium during composting, %

Treatments 0D 30D 60 D
TISS + CP (50:50) + lime 5.67 7.00 9.53
T2 SS + CP + Z (50:30:20) + lime 5.70 7.27 9.67
T3 SS + SD (50:50) + lime 5.73 7.60 10.59
T4 SS + SD + Z (50:30:20) + lime 5.93 7.30 9.90
Ts SS + CP (50:50) + flyash 6.20 8.23 10.44
T6SS + CP + Z (50:30:20)+ flyash 7.07 9.10 10.42
Ts SS + SD + Z (50:30:20)+ flyash 6.20 8.83 9.90

SE (m%) 0.1 0.18 0.47

CD (0.05) 0.30 0.29 1.42

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust

Table 17. Effect of treatments on total sulphur during composting, %

Treatments 0D 30D 60D
T1SS + CP (50:50) + lime 0.103 0.212 0.370
| T2SS + CP + Z (50:30:20) + lime 0.190 0.263 0.450
T3SS + SD (50:50) + lime 0.190 0.260 0.360
T4 SS + SD + Z (50:30:20) + lime 0.200 0.430 0.470
Ts SS + CP (50:50) + flyash 0.120 0.181 0.240
T6 SS + CP + Z (50:30:20)+ flyash 0.113 0.210 0.240
T7SS + SD (50:50) + flyash 0.160 0.240 0.480
Ts SS + SD + Z (50:30:20)+ flyash 0.250 0.290 0.492
SE (m=) 0.011 0.011 0.011
CD (0.05) 0.033 0.034 0.032

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust
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of composting with 782.13 mg kg™!, 724.64 mg kg™ and 835.27 mg kg™’ respectively.
Tarecorded the lowest iron content at 0, 30" and 60™ day of composting with 594.12
mg kg, 585.27 mg kg™' and 604.04 mg kg™' respectively.

4.2.1.13.2 Manganese

The manganese content of composts was significantly influenced by
treatments and is presented in Table 19. T; recorded the highest value on 0™ (671.89
mg kg') and 30™ day (650.44 mg kg'). On 30™ day it was on par with Ts (643.18
mg kg'!) . On 60" day T had the maximum Mn content (734.25 mg kg™') which was
significantly different from all the treatments.

4.2.1.13.3 Copper

The values of copper content during composting was significantly influenced
by the treatments (Table 20). On 0™ day T3 recorded the highest value (174.39 mg kg"
1 followed by Ts (171.27 mg kg'') and T; (171.00 mg kg') which were found to be
on par. On 30" day Ts recorded the highest value (165.28 mg kg), followed by Ts
(162.34 mg kg"), Ts (161.41 mg kg') and Ty (160.95 mg kg') which were on par
with Ts. Highest value for Copper on 60" day was recorded by Ts (176.95 mg kg™),
followed by T; (173.98) and T3 (172.24 mg kg'') which were on par. Least value for
copper was observed in Ts during 0" (150.82 mg kg™) and 60" day (152.98 mg kg™).
On 30™ day the lowest values for copper was observed in Tg (150.76 mg kg ™).

4.2.1.13.4 Zinc

Treatment Ts had the highest Zn content at 0%, 30" and 60™ day of
composting (Table 21) with 174.26 mg kg, 146.49 mg kg! and 175.83 mg kg’
respectively. On 0" day it was par with T; (165.35 mg kg™') and on 30" day it was
found to be on par with T; (140.24 mg kg'') while on 60" day T (172.52 mg kg
and T (168.31 mg kg') were found to be on par with Ts.



Table 18. Effect of treatments on total iron during composting, mg kg’

Treatments 0D 30D 60D

T; SS + CP (50:50) + lime 782.13 724.64 835.27
T, SS + CP + Z (50:30:20) + lime 706.00 682.67 728.57
T3 SS + SD (50:50) + lime 604.00 592.14 629.13
T4 SS + SD + Z (50:30:20) + lime 594.12 585.27 604.04
Ts SS + CP (50:50) + flyash 756.12 704.32 772.58
Te SS + CP + Z (50:30:20) + flyash 694.01 636.87 742.81
T, SS + SD (50:50) + flyash 702.67 644.36 715.41
Tg SS + SD + Z (50:30:20) + flyash 743.61 701.05 795.79
SE (mz%) 3.20 5.01 5.08

C.D. (0.05) 9.66 15.14 15.37

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust

Table 19 .Effect of treatment on total manganese during composting, mg kg

Treatments 0D 30D 60D

T, SS + CP (50:50) + lime 580.33 558.99 734.25
T, SS + CP + Z (50:30:20) + lime 570.30 550.32 670.33
T3 SS + SD (50:50) + lime 583.05 553.44 648.17
T4 SS + SD + Z (50:30:20) + lime 561.87 520.03 630.19
Ts SS + CP (50:50) + flyash 642.20 643.18 652.67
Te SS + CP + Z (50:30:20) + flyash 604.20 544.62 649.02
T SS + SD (50:50) + flyash 671.89 650.44 698.26
Ts SS + SD + Z (50:30:20) + flyash 555.17 532.04 650.00
SE (m) 7.59 6.74 8.43

C.D. (0.05) 22.97 20.37 25.50

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust




Table 20. Effect of treatment on total copper during composting, mg kg™

Treatments 0D 30D 60D

T, SS + CP (50:50) + lime 171.00 160.95 173.98
T, SS + CP + Z (50:30:20) + lime 168.33 156.22 167.24
T3 SS + SD (50:50) + lime 174.39 161.41 172.24
T4 SS + SD + Z (50:30:20) + lime 165.48 153.27 164.33
Ts SS + CP (50:50) + flyash : 150.82 165.28 152.98
Te SS + CP + Z (50:30:20) + flyash 155.31 150.76 156.11
T, SS + SD (50:50) + flyash 164.62 154.02 163.68
Ts SS + SD + Z (50:30:20) + flyash 171.27 162.34 176.95
SE (m+) 1.68 1.80 1.71

C.D. (0.05) 5.09 5.43 5.18

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust

Table 21. Effect of treatments on total zinc during composting, mg kg™

Treatments 0D 30D 60 D

T, SS + CP (50:50) + lime 165.35 140.24 172.52
T, SS + CP + Z (50:30:20) + lime 160.72 135.56 164.25
T3 SS + SD (50:50) + lime 159.46 130.21 168.31
T4 SS + SD + Z (50:30:20) + lime 157.50 136.00 162.31
Ts SS + CP (50:50) + flyash 174.26 146.49 175.83
Te SS + CP + Z (50:30:20) + flyash 152.04 132.74 154.47
T, SS + SD (50:50) + flyash 159.83 134.17 156.82
Ts SS + SD + Z (50:30:20) + flyash 147.93 130.43 140.82
SE (mz) 3.15 3.14 3.39

C.D. (0.05) 9.53 9.50 10.26

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust




4.2.1.13.5 Boron

The boron content of composts were significantly influenced by different
treatments during 30™ and 60™ day of composting (Table 22). Highest value for boron
(8.447 mg kg™') was recorded for Ts treatment during 30" day and was significantly
higher than other treatments. On 60" day Ts recorded the highest value of 9.76 mg
kg which was on par with T; (9.65 mg kg™).

4.2.1.14 Total Heavy Metal Content

The data on the influence of treatments on the contents of total heavy metals

during composting is represented in the Table 23-26.
4.2.1.14.1 Total Lead

Table 23 shows a significant influence of treatments on total lead
concentration during composting. A general increase in total lead content was
observed in all treatments with time. On 0™ day highest value was observed for T;
(37.47 mg kg"), followed by T7 (35.53 mg kg™') which were found to be on par.
Highest lead content on 30" day was observed in T treatment (38.55 mg kg!) and
was on par with Ts (36.35 mg kg'), T7(36.32 mg kg'') and T3 (35.87 mg kg ™). At 60"
day T; (40.32 mg kg™) recorded the highest value and Ts (37.49 mg kg™), T7(38.00
mg kg), Ts (38.62 mg kg™') and T> (39.33 mg kg™') were found to be on par with T;.
Ts recorded the lowest value of lead during the the entire composting period (31.71
mg kg! on 0™ day, 32.72 mg kg™ on 30" day, 33.06 mg kg! on 60™ day) .

4.2.1.14.2 Total Cadmium

The data on total cadmium content as influenced by various treatments is

given in Table 24.

There was a significant difference between the treatments with respect to total

cadmium content. The cadmium content in initial composts ranged between 5.17 —



Table 22. Effect of treatment on total boron during composting, mg kg

Treatments 0D 30D 60D
T, SS + CP (50:50) + lime 5.40 7.52 9.65
T, SS + CP + Z (50:30:20) + lime 5.17 6.55 8.19
T3 SS + SD (50:50) + lime 5.33 6.44 8.61
T4 SS + SD + Z (50:30:20) + lime 5.33 5.43 7.67
Ts SS + CP (50:50) + flyash 5.67 6.28 7.98
Te SS + CP + Z (50:30:20) + flyash 5.10 7.93 8.44
T, SS + SD (50:50) + flyash 5.40 7.41 9.18
Tg SS + SD + Z (50:30:20) + flyash 5.93 8.45 9.76
SE (m+) - 0.16 0.20
C.D. (0.05) - 0.48 0.60

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust

Table 23. Effect of treatment on total lead during composting, mg kg

Treatments 0D 30D 60 D
T, SS +CP (50:50) + lime 37.47 38.55 40.32
T, SS + CP + Z (50:30:20) + lime 33.64 34.46 39.33
T3 SS + SD (50:50) + lime 34.66 35.87 36.64
T4 SS + SD + Z (50:30:20) + lime 32.50 34.05 37.01
Ts SS + CP (50:50) + flyash 35.00 36.35 38.62
Te SS + CP + Z (50:30:20) + flyash 33.26 34.62 37.49
T, SS + SD (50:50) + flyash 35.53 36.32 38.00
Tg SS + SD + Z (50:30:20) + flyash 31.71 32.72 33.06
SE (mz) 0.62 1.04 0.99
C.D. (0.05) 1.88 3.16 2.98

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust



5.6 mg kg!. There was an increasing trend of cadmium at the end of composting. On
0™ day T3 recorded the highest value (5.60 mg kg™') which was on par with T; (5.50
mg kg') and T7 (5.50 mg kg™!). T5 and T obtained the highest cadmium content (5.70
mg kg') on 30" day which was on par with all treatments except Ts and Ts. The
treatments T3 and T recorded the highest value during 60" day and was on par with
T:(5.83 mg kg™') and T (5.81 mg kg™'). Ts recorded the least value for total cadmium
content during the entire composting period (5.17 mg kg™' on 0™ day, 5.30 mg kg™ on
30™ day and 5.41 mg kg! on 60" day).

4.2.1.14.3 Total Nickel

The total nickel in compost was influenced significantly by composting
treatments as presented in Table 25. T; recorded the highest value during 0™ day
(107.34 mg kg™), 30 day 108.55 mg kg' and 60™ day 110.60 mg kg'. On 0" day T
was on par with T3 (104.74 mg kg'!) and Ts (103.01 mg kg™'). On 30" day T1 was on
par with Ts (105.63 mg kg™), Ts (104.49 mg kg™') and T7 (103.59 mg kg'). On 60"
day T, was significantly different from all other treatments.

4.2.1.14.4 Total Chromium

A gradual increase of total Cr was observed during composting (Table 26).
The treatment T, recorded the highest Cr on 0 day (51.33 mg kg™') followed by T3
(51.17 mg kg') which were on par. On 30" and 60" day T had the highest value
(53.60 and 55.43 mg kg respectively). Ts (50.80 mg kg™') and Ts (52.00 mg kg™)
were on par with Tz on 30™ day and on 60" day it was on par with Ts (53.80 mg kg™').

Treatment Ts recorded the least value during all the sampling intervals.
4.2.1.15 Fractions of Heavy Metal
4.2.1.15.1 Exchangeable Fraction

The content of exchangeable fractions of heavy metal is very important as it is

mobile.

(5]
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Table 24. Effect of treatment on total cadmium during composting, mg kg™

Treatments 0D 30D 60 D
T, SS + CP (50:50) + lime 5.50 5.60 5.83
T, SS + CP + Z (50:30:20) + lime 5.25 5.50 5.70
T3 SS + SD (50:50) + lime 5.60 5.70 5.90
T4 SS + SD + Z (50:30:20) + lime 5.55 5.68 5.70
Ts SS + CP (50:50) + flyash 5.40 5.50 5.62
Te SS + CP + Z (50:30:20) + flyash 52 5.57 5.90
T, SS + SD (50:50) + flyash 3.5 5.70 5.81
Ts SS + SD + Z (50:30:20) + flyash 5.17 5.30 5.41
SE (m) 0.08 0.08 0.04
C.D. (0.05) 0.25 0.25 0.13

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust

Table 25. Effect of treatment on total nickel during composting, mg kg™

Treatments 0D 30D 60 D

T, SS + CP (50:50) + lime 107.34 108.55 110.60
T, SS + CP + Z (50:30:20) + lime 98.23 100.54 103.49
T3 SS + SD (50:50) + lime 104.74 105.63 106.26
T4 SS + SD + Z (50:30:20) + lime 96.24 98.18 100.42
Ts SS + CP (50:50) + flyash 103.01 104.49 105.41
Te SS + CP + Z (50:30:20) + flyash 96.70 97.00 99.19
T, SS + SD (50:50) + flyash 101.03 103.59 101.95
Tg SS + SD + Z (50:30:20) + flyash 96.23 96.79 97.62
SE (m+) 1.88 1.92 1.02

C.D. (0.05) 5.67 5.81 3.08

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust




Table 26. Effect of treatment on total chromium during composting, mg kg™’

Treatments 0D 30D 60D
T, SS + CP (50:50) + lime 48.00 49.42 51.00
T, SS + CP + Z (50:30:20) + lime 46.00 48.00 50.30
T3 SS + SD (50:50) + lime 51.17 53.60 55.43
T4 SS + SD + Z (50:30:20) + lime 49.24 50.80 52.04
Ts SS + CP (50:50) + flyash 51.33 52.00 53.80
Te SS + CP + Z (50:30:20) + flyash 48.57 49.70 51.00
T, SS + SD (50:50) + flyash 45.84 47.00 48.40
Ts SS + SD + Z (50:30:20) + flyash 43.44 45.25 47.00
SE (m) 0.64 0.99 0.73

C.D. (0.05) 1.94 2.99 2.21

D: Days of composting; SS: Sewage sludge; CP: Coirpith; Z: Zeolite; SD: Sawdust

VN



The effect of treatments on exchangeable fractions of heavy metals are given in Table
27. A general decrease in exchangeable fractions of heavy metal compared to the

initial level was observed in all treatments.
4.2.1.15.1.1 Lead

On 0™ day the highest value was observed in Ts treatment (0.82 mg kg™),
followed by T (0.720 mg kg™') which were found to be on par. The least content of
exchangeable fraction of lead was recorded by Ts (0.470 mg kg™') which was on par
with T2 (0.550 mg kg™'), Ts (0.490 mg kg™"), Ts (0.530 mg kg') and T7 (0.480 mg kg’
1. On 30" day T; recorded the highest value (0.809 mg kg™'). T, recorded the least
value (0.40 mg kg™') during 30" day which was on par with Ts (0.450 mg kg™), Ty
(0.469 mg kg') and Ts (0.450 mg kg'). T had the highest value during 60" day
(0.760 mg kg™!) followed by Ti (0.670 mg kg'). Least exchangeable Pb content
during 60" day was for T2 (0.360 mg kg™') and Ts (0.360 mg kg!), T, was found to be
on par (0.400 mg kg™).

4.2.1.15.1.2 Cadmium

Exchangeable fraction of Cd also decreased during composting. T3 obtained
the highest value for exchangeable fraction during all the sampling intervals. On 0™
day the least value was recorded for Ts (0.053 mg kg') treatment, and was
significantly different from all other treatments. Ts recorded the least (0.013 mg kg™)
during 30" day, T; (0.016 mg kg') and T> (0.016 mg kg') were on par with Ts.
During the final sampling T; (0.013 mg kg™') and T> (0.013 mg kg'') were on par with
Ts (0.010 mg kg™), which had the least exchangeable cadmium.

4.2.1.15.1.3 Nickel

A general decrease in exchangeable Ni was obtained during the entire
composting period. T obtained the highest value during 0" day (2.076 mg kg'') and
was found to on par with T4 (2.000 mg kg'). During the second sampling T4 recorded

(R
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the highest value (1.813 mg kg™), T3 (1.763 mg kg™') and T7 (1.736 mg kg'') were
found to be on par. On 60™ day T3 (1.647 mg kg') was found to be on par with T,
which obtained the highest value (1.710 mg kg'"). The least value was observed in Ts
(1.00, 1.010 and 0.094 mg kg respectively on 0%, 30™ and 60™ day) and the

treatment was significantly different from all the treatments.
4.2.1.15.1.4 Chromium

The value of exchangeable chromium ranged from 0.640 mg kg™ (T7) —0.977
mg kg (T2) during the 0™ day of composting. A general decrease in the content of
exchangeable Cr was observed during the entire period of composting. T> recorded
the highest value of 0.977 mg kg™ on 0™ day, 0.380 mg kg™ on 30" day and 0.074 mg
kg 60 day which was significantly different from all other treatments. T7 recorded
the lowest value during all the sampling periods and the treatment effect was

significantly different from all other treatments.
4.2.1.15.2 Carbonate fraction

The variation in carbonate fraction of heavy metals are presented in Table 28.
4.2.1.15.2.1 Lead

The carbonate fraction of sewage sludge compost was influenced by the
treatments and a decrease in the content of the fraction was observed during the
composting period. On 0%, 30™ and 60™ day T3 recorded the highest value and was
significantly different from all other treatments. On 0™ day the least value was
obtained for treatment T7 (0.400 mg kg™), treatment Ts (0.410 mg kg™') and Ts (0.430
mg kg!) were on par. On 30" day Ts recorded the least value (0.360 mg kg™') which
was on par with Ts (0.410 mg kg), Ts (0.400 mg kg') and T7 (0.370 mg kg™).
Treatment Tz and Ts (0.310 mg kg') obtained the least value during 60" day of

composting and were significantly different from ali other treatments.

1
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4.2.1.15.2.2 Cadmium

Carbonate fraction of cadmium ranged from 0.376-0.200 mg kg during the
initial sampling. On 0%, 30™ and 60™ day T3 recorded the highest value (0.376 mg kg"
'.0.139 mg kg! and 0.031 mg kg’ respectively). Ts recorded the least value of 0.200
mg kg, 0.070 mg kg and 0.013 mg kg™ on 0%, 30" and 60" day respectively. T

and T> was found to be on par with Tg during all the sampling period.
4.2.1.15.2.3 Nickel

The carbonate fraction of nickel was significantly influenced by the
treatments. The values showed that was a gradual decrease of carbonate fraction
during composting. On 0" day T; recorded the highest value (2.400 mg kg')
followed by Ts (2.207 mg kg™'). The least value was observed in Ty treatment (1.190
mg kg'). On 30% and 60" day the highest value was recorded by Ts (2.100 mg kg''
and 2.055 mg kg respectively). On 30" day Ty (2.003 mg kg') was on par with Ts.
On 0™, 30™ and 60™ day the carbonate fraction of Ni was lowest in Ts treatment with

values of 1.190 mg kg™, 1.064 mg kg' and 1.039 mg kg™ respectively.
4.2.1.15.2.4 Chromium

Carbonate fraction of chromium also showed a decreasing trend at the end of
composting period. Treatment Tz recorded the highest value during all the sampling
stages. On 0™ day T> recorded the highest value (0.568 mg kg'') which was followed
by Te (0.504 mg kg'). The least value was shown by T7 (0.365 mg kg') and the
treatment was significantly different from all other treatments during the initial
sampling. On 30" day Ts (0.246 mg kg') was on par with T> and the least value for
carbonate fraction was observed in T treatment (0.159 mg kg™). T1 (0.172 mg kg™),
T4 (0.173 mg kg') and Ts (0.176 mg kg') were on par with T; on the 30" day of
sampling. On the 60" day of composting T attained the highest value (0.073 mg kg
1) which was on par with T3 (0.057 mg kg™), Ts (0.053 mg kg")) Ts (0.061 mg kg™).
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The least value during 60 day was obtained by T+ treatment (0.047 mg kg™') and the

treatment was significantly different from all other treatments.
4.2.1.15.3 Reducible Fractiens

The variation among treatments in reducible fractions of heavy metal was

found to be significant as evident from Table 29.
4.2.1.15.3.1 Lead and Cadmium

Reducible fractions of Pd and Cd were not detected in any treatments during

the composting period.
4.2.1.15.3.2 Nickel

On 0™, 30" and 60" day Ts recorded the highest value of 25.313, 23.395 and
20.450 mg kg respectively. On 0" day the least value for reducible fraction of Ni
was recorded by T3 (13.502 mg kg''), Ts was found to be on par (13.576 mg kg"). On
30" day T; (23.13 mg kg'!) was on par with Ts and the least value on 30" day was
recorded by Ts (11.471 mg kg'). On 60™ day Ts recorded the highest value (20.450
mg kg™') and the lowest value was recorded by T3 (10.594 mg kg™).

4.2.1.15.3.3 Chromium

On 0™, 30" and 60™ day T obtained the highest value among all treatments.
On 0™ day T had a value of 0.472 mg kg™' which was followed by Ts (0.422 mg kg’
1. Lowest value on the 0™ day was recorded by T7(0.306 mg kg™) which was on par
with T; (0.324 mg kg'). T7 recorded the least value (0.327 mg kg™') on 30" day
which was on par with T; (0.347 mg kg™), T3 (0.385 mg kg™'), T4 (0.356 (mg kg'), Ts
(0.366 mg kg') and Tz (0.357 mg kg'). On 60™ day T recorded the least value
(0.336 mg kg'") and it was significantly different from all other treatments.
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4.2.1.15.4 Organic Fractions

The effect of treatments on organic fractions of heavy metals are depicted in
the Table 30. A general increase of organic fractions of heavy metals with time

during composting was observed.
4.2.1.15.4.1 Lead and Cadmium

Organic fractions of Pb and Cd were not dectected in any one of the treatment

during composting.
4.2.1.15.4.2 Nickel

On 0™ day of composting the highest value of organic fraction of Ni was
observed in T; treatment (28.530 mg kg'') which was on par with Ts (28.33 mg kg™).
Least value was observed for Tg (19.317 mg kg'). T; recorded the highest value
during 30" day (29.340 mg kg™") which was on par with T2 (29.163 mg kg'') and Ts
(29.260 mg kg™'). The least value was observed in Tj treatment (21.09 mg kg''). On
60™ day Ts recorded the highest value (31.90 mg kg') and was on par with T
(31.067 mg kg!). The lowest value was associated with T3 (22.030 mg kg™).

4.2.1.15.4.3 Chromium

The treatments were greatly influenced the organic fraction content of Cr. The
treatment T had the highest organic fraction content of Cr at every sampling stages
(1.412 mg kg, 1.460 mg kg, 2.977 mg kg respectively). The lowest value for
these fraction was attained by T7 during the entire composting period (0.917 mg kg,
0.940 mg kg', 1.920 mg kg™' respectively).

4.2.1.15.5 Residual Fractions

Residual fraction of heavy metals are very important since this fraction is the
most stable fraction. The effect of various treatments on the residual fractions of

heavy metals are depicted in the Table 31.
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4.2.1.15.5.1 Lead

On 0™ day the residual fraction of lead was not significantly affected by the
treatments. The highest value was attained by T; (35.13 mg kg™') and the lowest value
was for T treatment (29.00 mg kg™'). Similar trend was observed on 30™ day where
T recorded the highest value (36.80 mg kg™') which was on par with T;7 (34.50 mg
kg). The lowest value was obtained for Ts (30.88 mg kg"). On 60™ day the highest
value was associated with T (38.80 mg kg') which was on par with T> (38.00 mg kg’
1, Ts (37.02 mg kg') and T7 (36.90 mg kg™'). The lowest value was observed in Ts
treatment (32.00 mg kg™").

4.2.1.15.5.2 Cadmium

During the initial sampling T recorded the highest value (5.20 mg kg') and
the least value was observed in Te treatment (4.79 mg kg''). On 30" day there was no
significant difference between the treatments. The highest value was observed in T7
(5.49 mg kg'') and the lowest was observed in Ts (5.09 mg kg). On 60" day the
highest value was observed in Ty (5.74 mg kg'') which was on par with T4 (5.63 mg
kg'), Te (5.67 mg kg'') and T7 (5.65 mg kg''). The lowest value was observed in Ts
treatment (5.25 mg kg™).

4.2.1.15.5.3 Nickel

An increasing trend of residual fraction with time was observed. T3 had the
highest value on 0™ day (65.96 mg kg™'), 30" day (67.79 mg kg'1) and 60" day (68.94
mg kg'). On 0™ day and 30" day the lowest value was recorded in T treatment
(42.04 mg kg and 44.45 mg kg™ respectively). The lowest value on 60" day was
observed in T treatment (48.76 mg kg™').

4.1.2.15.5.4 Chromium

Ts recorded the highest value during 0™, 30™ and 60" day of composting. On
0™ day the highest value of 47.09 mg kg™' which was on par with T (43.97 mg kg™,

=
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Ts (43.96 mg kg') and Ts (45.64 mg kg') were found to be on par with Ts. The
lowest value was recorded by Ts (38.82 mg kg™'). The highest value during the 30t
day was 50.16 mg kg™ and the lowest was observed in Ts treatment (41.50 mg kg).

On 60™ day also a similar trend was seen.

From the results it can be concluded that the compost Ts (sewage sludge +
sawdust + coirpith (50:30:20) + flyash) was superior with respect to stabilization of

heavy metals.
4.2. POT CULTURE EXPERIMENT

A pot culture experiment was conducted to evaluate the suitability of sewage

sludge compost as a growth medium for ornamentals.

4.2.1 Physical, Chemical and Biological Properties of Growing Media Before and
After the Experiment.

4.2.1.1 pH, EC and Organic Carbon

The data on pH, EC and organic carbon content of growing media as
influenced by various treatments at the initial and at the end of the experiment are

given in the Table 32.

pH of the initial growing media ranged from 4.36 to 5.76. Soil + compost 8,
1:1 (To) recorded the highest pH and was followed by treatment Ts (5.26). The lowest

mean value was recorded by the treatment T (4.36).

Soil + compost 8, 1:1 (To) registered the highest pH of 4.89 in final growing
media which was on par with Ts (4.79). The lowest pH was observed in treatment Té
(3.35) followed by T7 (3.96).

The effects of treatments on EC of initial and final growing media is
presented in Table. 32. The results revealed that the treatments significantly



influenced the EC content. The treatment T; recorded the highest E C of 3.60 dS m™
initially, which was followed by T7(2.10 dS m™).

After the experiment EC content of the growing media reduced and the
treatment T recorded the highest value of 1.87 dS m™ and was followed by treatment
Ts (1.32 dS m™). The treatment Ts (Soil + Compost 7, 1:1) registered lowest value of
(1.00 dS m™).

There was a reduction in organic carbon content of final growing media as
depicted in Table 32. Organic carbon content of initial and final growing media also
varied significantly with the treatments. T; (Soil + sewage sludge 1:1) recorded the
highest organic carbon content (6.89 %) and was followed by treatment Te (6.70 %)
which were on par. The lowest mean value was recorded in the treatment T7 (4.10 %)

and was on par with T3 (4.55 %).

Soil + compost 7, 1:1 (Ts) registered the highest organic carbon content of
4.86 % in final growing media which was significantly superior to other treatments.
The lowest content was observed in treatment T7 (2.46 %) and was on par with
treatment T3 (2.51 %).

4.2.1.2 Effect of Treatments onPprimary Nutrient Content of Growing Media

The primary nutrient content of growing media before and after the
experiment is represented in the Table. 33 Perusal of the data indicated that available
nitrogen content of the growing media varied significantly with the treatments before

and after the experiment.
4.2.1.2.1 Available Nitrogen

In the initial growing media, the highest available nitrogen content of 626.24
g kg' was observed in treatment Ti (soil + sewage sludge, 1:1) which was
significantly higher than all other treatments and the lowest of 311.64 g kg was
recorded by the treatment T (soil + compost 5, 1:1).
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Soil + sewage sludge (1:1) registered the highest available nitrogen content in
final growing media 420.33 g kg' which was significantly superior to other

treatments. The lowest content was observed in treatment T4 (198.5 g kg™")

4.2.2.2 Available phosphorus

Available Phosphorus content of initial and final growing media (Table 33)
also varied significantly with the treatments. Soil + sewage sludge (1:1) recorded the
highest available phosphorus content (112 g kg!) followed by treatment Te (88.25 g
kg!). The lowest mean value was recorded in the treatment T> (67.33 kg ha!') and
was on par with T4 (72.08 g kg™") and Ts (68.39 g kg™).

Soil + sewage sludge (1:1) registered the highest available phosphorus content
in final growing media (79.54 g kg') which was significantly superior to other
treatments. The lowest content was observed in treatment Ts (46.50 g kg™') and was

on par with treatment To (50.54 g kg™).
4.2.2.3 Available Potassium

The effects of treatments in available potassium content of initial and final
growing media is presented in Table. 33. The results revealed that the treatments
significantly influenced the available potassium content. The treatment T; and Ts
recorded the highest available potassium content of 356.04 g kg! initially, whereas
the lowest content was observed by the treatment T> (163.83 g kg™")

After the experiment the available potassium content of the growing media
reduced and the treatment T; recorded the highest value of 230.8 g kg! and was
followed by treatment T) (224.94 g kg™"). The treatment T4 (Soil + Compost 3 (1:1))
registered lowest value of 121.31 g kg™
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4.2.3 Secondary Nutrient Content of Growing Media

The data on secondary nutrients like calcium, magnesium and sulphur in

growing media as influenced by the treatments are presented in Table. 34
4.2.3.1 Exchangeable Calcium

The treatments had significant influence on the exchangeable calcium content
(Table 34). Highest initial exchangeable calcium content was observed in the
treatment T1 (971.60 mg kg'') and was followed by treatment Ts (606.44 mg kg™).
Treatment Ts recorded the lowest value of 409.55 mg kg™

The mean values of exchangeable Ca ranged from 311.64 mg kg to 626.24
mg kg after the experiment. T) registered the highest mean (626.24 mg kg!) which
was significantly higher than other treatments. The lowest mean value of 311.64 mg

kg was associated with treatment Te (soil + compost 5, 1:1).
4.2.3.2 Exchangeable Magnesium

It is inferred from the Table 34 that exchangeable Mg content was
significantly influenced by different treatments in both initial and final growing
media. The initial exchangeable Mg content was highest for the treatment T: (330.11
mg kg') and was followed by treatment T4 (300.36 mg kg!). The treatment soil +
compost 4 (1:1) was inferior to all other treatments with an exchangeable Mg content
of 160.53 mg kg™'.

The exchangeable Mg content of final growing media also varied significantly
with the treatments and the highest mean value was observed in the treatment T
(230.39 mg kg™') and was on par with T4 (228.40 mg kg™") and To (228.19 mg kg

whereas the lowest was observed in the treatment Ts (104.25 mg kg™).



4.2.3.3 Available Sulphur

The data pertaining to available Sulphur content of initial and final growing
media is given in Table. 34 Soil + Sewage sludge (1:1) resulted in the highest
available Sulphur content (349.80 mg kg!) and was found to be significantly superior
to all other treatments and the lowest mean value of 116.39 mg kg was recorded in

the treatment T4 (soil + compost 3, 1:1).

The treatment T7 (soil + compost 6, 1:1) resulted in the highest available
Sulphur content (278.69 mg kg') of final growing media and was followed by
treatment T; (248.30 mg kg™'). Lowest mean value of 100.47 mg kg™ was registered
by treatment T4 which was statistically on par with Te (102.26 mg kg™h).

4.2.4. Micronutrient Content of Growing Media

The results with respect to micronutrients (iron, manganese, copper, zinc and
boron) content in growing media as influenced by the treatments are presented in
Table. 35 and 36.

4.2.4. 1 Available Iron

The Fe content of growing media varied significantly with the treatments. In
the initial growing media the highest value of 146.07 mg kg was recorded by the
treatment T; and was followed by T7 (135.42 mg kg™') in initial growing media. The
lowest value of 81.40 mg kg' was recorded in the treatment T, which was on par
with Ts (84.69 mg kg'') and T4 (84.35 mg kg™).

The available iron content in final growing media also varied significantly and
the highest value was recorded in treatment T; (88.12 mg kg!) and the lowest was
observed in treatment Ts (31.60 mg kg™') which was on par with Te (34.52 mg kg™).

e
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4.2.4.2 Available Manganese

Available Mn content was significantly influenced by the treatments. The
treatment with soil + sewage sludge (T1) recorded the highest available Mn content
(126.39 mg kg™) and the lowest was observed in treatment Ts (61.13 mg kg). The
treatment T registered significantly higher available Mn content of 53.24 mg kg!in
final growing media also. The treatments Ta, T2, Ts and Ty exhibited the lowest on
par values of 23.24 mg kg, 22.19 mg kg, 21.31 mg kg and 20.33 mg kg
respectively.

4.2.4.3 Available Zinc

The treatment T) recorded the highest available Zn content of 141.08 mg kg™
and 46.10 mg kg! in initial and final growing media respectively. The lowest value
for available Zn content in initial growing media was observed by T4 (19.52 mg kg")
and was on par with Te (21.46 mg kg™ ) and Ts (21.06 mg kg'') whereas the treatment
T7 registered the lowest Zn content (18.32 mg kg' ) in final growing media which
was found to be on par with To (22.24 mg kg™'), T3 (21.38 mg kg™'), Ts (20.54 mg kg’
), Ts (20.34 mg kg™') and T4 (18.40 mg kg™).

4.2.4.4 Available Copper

The treatments had a significant influence on the available Cu content. The
treatment T registered the highest available Cu content in both initial and final
growing media with mean values of 26.20 mg kg and 10.38 mg kg! respectively.
The treatment Ts recorded the lowest value (8.33 mg kg'') in initial growing media
and was on par with Ts (11.52 mg kg™'), T2 (9.16 mg kg!), Ts (8.42 mg kg™), Ty (8.40
mg kg') and Ts (8.38 mg kg''). In final growing media the treatment T resulted in
the lowest available Cu content (2.32 mg kg™*) and was found to be on par with T4
(3.21 mg kg™), T2 (3.17 mg kg™"), Ts {3.14 mg kg™') and Tz (3.10 mg kg™).



4.2.4. 5 Available Boron

The influence of treatments on B content of growing media was found to be
significant and the highest B content of 1.116 mg kg™! was recorded by treatment T3
(soil + compost 2 (1:1) in initial growing media and was significantly superior to
other treatments. In final growing media the treatment T3 recorded the highest mean
value of 0.650 mg kg™ and was found to be on par with treatment T7 (0.610 mg kg™).
The lowest available B content in initial growing media was observed in treatment T4
(0.203 mg kg') and was on par with Ts (0.223 mg kg') and T2 (0.266 mg kg™).
Treatment Ts resulted in the lowest available B content (0.103 mg kg!) in final

growing media and was found to be on par with T4 (0.126 mg kg™).
4.2.5 Heavy Metal Content of Growing Media

The results with respect to heavy metals (cadmium, nickel, arsenic, chromium
and lead) in growing media as influenced by the treatments are presented in Table. 37
and 38

4.2.5.1 Available Cadmium

Available Cd content was significantly influenced by the treatments. The
treatment with soil + sewage sludge (T1) recorded the highest available Cd content
(2.22 mg kg'') and the lowest was observed in treatment Tg (1.04 mg kg!). The
treatments Ts, T3 and Tg exhibited the lowest on par values of 1.07 mg kg, 1.10 mg
kg, and 1.23 mg kg' respectively.

The treatment T registered highest available Cd content of 1.33 mg kg in
final growing media also. It was on par with T3 (0.34 mg kg™!).

4.2.5.2 Available Nickel

In the initial growing media, soil + sewage sludge 1:1 (T1) resulted in the
highest available Nickel content (10.40 mg ikg’") and was found to be significantly

mﬂ
S

68
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superior to all other treatments and the lowest mean value of 1.26 mg kg was

recorded by the treatment Ts (soil + compost 8, 1:1).

The treatment T; (soil + sewage sludge, 1:1) resulted in the highest available
Nickel content (7.60 mg kg'") of final growing media and was followed by treatment
T (2.01 mg kg™). This was on par with T (1.90 mg kg™') and Ts (1.82 mg kg''). The
Jowest mean value of 1.03 mg kg' was registered by treatment To which was

statistically on par with Ts (1.08 mg kg'') and Ts (1.25 mg kg™').
4.2.5.3 Available Arsenic

Arsenic was not detected in any of the treatments in initial and final growing

media.
4.2.5.4 Available Chromium

The results revealed that the treatments significantly influenced the available
chromium content. The treatment T recorded the highest available chromium content
of 23.64 mg kg' which was followed by T7 (18.20 mg kg'). The treatment To
recorded the least value of 14.27 mg kg which was on par with Ts (14.39 mg kg™)
and T3 (14.55 mg kg ™).

After the experiment the available chromium content of the growing media
reduced and the treatment T; recorded the highest value of 18.32 mg kg™ and was
followed by treatment T7 (12.06 mg kg'') which was on par with T (11.94 mg kg™).
The treatment Ts (soil + compost 8, 1:1) registered lowest value of 10.18 mg kg’
which was on par with Ts (10.48 mg kg™).

4.2.5.5 Available Lead

The lead content of growing media varied significantly with the treatments. In
the initial growing media the highest value of 14.19 mg kg’ was recorded in the
treatment T; and was followed by T4 (6.91 mg kg') in initial growing media. This
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Table 38. Effect of treatments on heavy metal content of growing media

Treatment details Chromium (mg kg") Lead (mg kg")
Initial Final Initial Final
T, soil + sewage sludge (1:1) 23.64 18.32 14.19 10.71
T, soil + compost 1 (1:1) 16.40 11.94 6.72 5.94
T soil + compost 2 (1:1) 14.55 10.60 423 3.67
T, soil + compost 3 (1:1) 17.30 11.57 6.91 491
Ts soil + compost 4 (1:1) 15.68 10.48 5.00 4.44
Tg soil + compost 5 (1:1) 16.28 11.02 5.00 4.42
T; soil + compost 6 (1:1) 18.20 12.06 4.00 3.59
Tg soil + compost 7 (1:1) 14.39 10.31 4.62 4.07
Ty soil + compost 8 (1:1) 14.27 10.18 3.32 297
SE (mz) 0.29 0.13 0.07 0.10
CD (0.05) 0.94 0.40 0.23 0.33
Table: 39. Effect of treatments on enumeration of E. coli
Treatments Initial Final
T, soil + sewage sludge (1:1) ND ND
T, soil + compost 1 (1:1) ND ND
T; soil + compost 2 (1:1) ND ND
T, soil + compost 3 (1:1) ND ND
Ts soil + compost 4 (1:1) ND ND
T soil + compost 5 (1:1) ND ND
T; soil + compost 6 (1:1) ND ND
Ty soil + compost 7 (1:1) ND ND
Ty soil + compost 8 (1:1) ND ND




was on par with T» (6.72 mg kg™'). The lowest value of 3.32 mg kg™ was recorded for
the treatment To which was followed by T7 (4.00 mg kg™).

The available lead content in final growing media also varied significantly
and the highest value was recorded by the treatment T (10.71 mg kg!) and the lowest
was observed by the treatment Ty (2.97 mg kg™).

4.2.6 Enumeration of E. coli
E. coli was not detected in the initial and final growth media.
4.2.7 Dehydrogenase Activity

The effects of treatments on dehydrogenase activity of initial and final
growing media is presented in Table 40. The results revealed that the treatments
significantly influenced the dehydrogenase activity. The treatment To recorded the
highest dehydrogenase activity of 16.317 pg TPF/gram soil/24 hr which was followed
by T3 (14.013 pg TPF/gram soil/24 hr). The treatment Ts recorded the least value of
5.95 pug TPF/gram soil/24 hr which was on par with T7 (6.717 pg TPF/gram soil/24
hr), T6 (7.103 pg TPF/gram soil/24 hr ) and Ts (7.637 pg TPF/gram soil/24 hr).

After the experiment the dehydrogenase activity increased and the treatment
Ty recorded the highest value of 66.603 pg TPF/gram soil/24 hr and was followed by
treatment Ty (44.617 pg TPF/gram soil/24 hr) and T3 (40.307 pg TPF/gram soil/24
hr). The treatment T (soil + sewage sludge, 1:1) registered lowest value of 18.750 pg
TPF/gram soil/24 hr which was on par with T> (20.987 pg TPF/gram soil/24 hr) and
T4(20.347 pg TPF/gram soil/24 hr).

4..3 Plant Growth Parameters

The treatments significantly influenced the plant growth parameters of

marigold and the results are shown in Table 41.



Table 40. Dehydrogenase activity of initial and final growth media

Dehydrogenase activity

Treatments (ng TPF/gram soil/24 hr)

Initial Final
T, soil + sewage sludge (1:1) 11.900 18.750
T, soil + compost 1 (1:1) 8.830 20.987
T; soil + compost 2 (1:1) 14.013 40.307
Ty soil + compost 3 (1:1) 5.950 20.347
Ts soil + compost 4 (1:1) 9.600 38.517
T soil + compost 5 (1:1) 7.103 24.183
T; soil + compost 6 (1:1) 6.717 40.180
Tg soil + compost 7 (1:1) 7.637 44.617
Ty soil + compost 8 (1:1) 16.317 66.603
SE(m+) 0.765 0.855

CD (0.05) 2.289 2.561

P
| M)




4..3.1 Plant Height

The height of the plant was significantly influenced by the treatments.
Treatment receiving soil + compost 8 (Ty) recorded the highest value (131.67 cm)
and was significantly superior to all other treatments. It was followed by T4 (117.00
cm) which was on par with Ts (116.17 cm) and T7 (115.50 cm) were found to be on
par. The lowest value was observed in treatment T; (70.67 cm) which received soil

and sewage sludge in 1:1 ratio.
4..3.2 Number of Primary Branches

There was a significant influence of treatment on the number of primary
branches of marigold. The maximum no of primary branches (15.10) was observed in
To which was on par with Ts (14.67) and T7 (14.00). The lowest number of primary
branches (7.67 Nos) was observed in the treatment receiving soil and sewage sludge
in 1:1 ratio (T1) which was on par with T3 (9.00).

4..3.3 Number of Secondary Branches

The number of secondary branches ranged from 23.33 to 41.55. The
maximum number of secondary branches was observed in T; (soil + compost
compost 6, 1:1) which was on par with Ts (39.00), Ts (39.00) and Ts (38.00). The
minimum number of secondary branches (23.33) was associated with T; (soil+

sewage sludge, 1:1) which was on par with T3 (23.66) and T> (25.33).
4.3.4 Floral Parameters

Table. 42 shows the floral parameters of marigold as influenced by different

treatments.
4.3.4.1 Days to First Flowering

There was a significant influence of treatments on the number of days to first

flowering in marigold. The days required for first flowering was lowest in To (31.33).
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This was on par with T¢ (33.67), T7 (34.33) and Ts (34.67). T (soil + sewage sludge,
1:1) took the maximum number of days (42.67) followed by T3 and T4 (37.33).

4.3.4.2 Flower Length

The flower length of marigold was significantly influenced by the treatments.
The highest flower length of 11.70 cm was associated with Ty which was on par with
T7 (11.58 cm). T; recorded the lowest value of 10.39 cm which was on par with T
(10.51 cm), T (10.66 cm) and Tg (10.56 cm).

4.3.4.3 Flower Diameter

The values of flower diameter varied from 2.79 to 4.35 cm. Flower diameter
was highest in Ty (soil + compost 8, 1:1) which was on par with T7 (3.96 cm) and T

(3.94 cm). The smallest flower diameter was noticed in T; (2.79 cm).
4.3.4.4 Flower Weight

The flower weight of marigold was significantly influenced by the treatments.
Highest flower weight (2.54 g) was noticed in T which was on par with T4 (2.52 g),
T7 (2.47 g), Ts (2.39 g), T3 (2.31 g) and T2 (2.29 g). The treatment T recorded the
lowest flower weight (1.79 g).

4.3.4.5 Number of Flowers per plant

The number of flowers per plant was significantly influenced by the
treatments. Maximum number of flowers per plani was recorded in To (232.02) which
was on par with Ts (231.31) followed by Ts (212.98). This was on par with T7
(204.84). The lowest number of flower was associated with T (111.03).

4.3.5 Biochemical Properties

The data on the biochemical properties of marigold such as chlorophyll
content in leaves, xanthophyll and flavonoid content in flowers are shown in Table
43. '

on
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4.3.5.1 Chlorophyll content in leaves

There was no significant difference between treatments with respect to

chlorophyll content of leaves.
4.3.5.2 Xanthophyll content in flower

Xanthophyll content in flower was not significantly influenced by the
treatments. The highest value of 22.15 mg g was in T4 (soil +compost 3,1:1) and the

lowest value of 10.16 mg g™ was in T (soil + sewage sludge, 1:1).
4.3.5.3 Flavonoid content in flower

The treatment was not significantly influenced by the treatments. The

flavonoid content in flower varied from 176.00 to 186.00 mg of ME/g.
4.3.6 Yield and Yield Attributes

The treatments significantly influenced the yield and yield attributes of

marigold as given in Table 44. .
4.3.6.1 Dry matter yield of shoot

The highest dry matter production of the shoot was associated with To (43.5 g)
followed by Te (41.087 g) which was on par with Ts (40.177 g). The lowest dry
matter production was in Ty (19.747 g) which was on par with T3 (20.320 g).

4.3.6.2 Dry matter yield of root

The treatments significantly influenced the dry matter production of root also.
The maximum dry matter yield of roct (2.32 g) was observed in To. This was
followed by Ts (1.92 g) which was on par with T3 (1.89 g), T4 (1.83 g), Ts (1.8 g) and
Tz (1.65 g). The least value was observed in T; (0.98 g) which was on par with T

(1.3 g).
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4.3.6.3 Flower yield

Flower yield of marigold was greatly influenced by the treatments.
Significantly higher flower yield of 589.330 g was observed in To (soil + compost 8
1:1). This was followed by Ts (507 g) which was on par with T7 (503.960 g) and Ts
(502.260 g). The lowest flower yield was associated with T, (198.530 g).

4.3.7 Primary Nutrient Content in Shoot, %
The results of primary nutrient content of marigold shoot is presented in Table 45.
4.3.7.1 Plant Nitrogen

The value of total nitrogen in shoot varied between 2.00 to 3.901 %. The
highest value for shoot nitrogen was registered by the treatment soil + sewage sludge
in 1:1 ratio (T1) which was on par with T3 (3.789 %). The least value was observed in
T7 treatment followed by Ty (2.744 %).

4.3.7.2 Plant Phosphorus

The phosphorus content in shoot ranged from 0.397 % to 0.7 %. The highest
value was observed in T3 treatment followed by Ts (0.575 %) and Ts (0.518 %). The
lowest value was shown by Te treatment followed by To (0.447 %) and T (0.496 %).

4.3.7.3 Plant Potassium

The treatment Ts had the highest K content (3.760 %) in shoot as presented in
the Table 45. The least concentration of K was found in T treatment (2.213 %)
foliowed by T4 (2.493 %) and To (2.707 %).

4.3.8 Secondary Nutrient Content

The secondary nutrient content in shoot is depicted in the Table 46.



LIE0T 65€°0 S61°C (00) dd
§TTe 111°0 eeL’o (w) g8
0£E'68S 44 00§°€¥ [:] ‘8 350dwO00 + 108 6,
097208 0081 LLT'O¥ [:1 ‘L 3s0dwoo + [108 8],
096°€0S 06¢'1 £5E°8T [:1 ‘9 3s0dwod + [108 L],
00L'STE 00¢'1 L8O 1v [:] G 3s0dwoo + 108 9,
010°L0S 0Z6'1 0£9°9¢ [:] ‘p 3s0dwoo + [108 ST,
0se'1ey 0£8'1 008°€€ [:1 ‘g 3s0dwoo + [108 ¥,
0§L'TTE 0681 0Tg'0T [:] ‘7 3sodwoo + [108 £],
0SEP9¢E 059°1 08L'€T [:1 ‘1 350dwoo + [108 I,
0gs'861 0860 LYL 61 [:1 93pn[s 93emas + [108 L,
~uerd 8 3) (8) y00us
PIRIA JoMO[ ] 1001 JO p[oIA Jopew AX(] | JO PIoIA Ionew Ai(] uBaA

produrew jo saynquye Ik pue p[aIk uo sjuswiean) Jo 10334 b 9[qeL




4.3.8.1 Plant Calcium

The content of calcium in shoot ranged from 0.99 to 1.95 %. The treatment
receiving sewage sludge and soil in 1:1 (T}) recorded the highest calcium percentage
in shoot followed by T3, which was found to be on par (1.84 %). The least calcium
content was observed in Ty treatment (0.99 %) which was on par with Ts (1.04 %), Te
(1.17%) and T7 (1.17 %).

4.3.8.2 Plant Magnesium

The treatments significantly influenced the content of magnesium in shoots of
marigold. The value ranged from to 0.31 to 1.53 %. The highest value was recorded
in T; treatment followed by Ts (0.92 %) and Ts (0.73 %). The least value was
registered in T3 (soil + compost 2, 1:1) followed by To (0.41 %) and T7 (0.43 %).

4.3.8.3 Plant Sulphur

The content in shoot ranged from 0.50 to 1.87 %. The highest value for
sulphur was associated with T; treatment which was followed by T7 (1.50 %) and T3
(0.88 %). The least value was observed in Ts (soil + compost 5, 1:1), which was
followed by T2 (0.56 %).

4.2.9 Micronutrient Content in Shoot

The effect of treatments on micronutrient content in shoot is presented in the

Table 47.
4.2.9.1 Iron

The content of iron in root varies from 0.21 to 1.26 %. The highest value of
iron was associated with Ts treatment followed by T3 (1.24 %) which were on par.
The lowest value was obtained for Ty followed by T1 (0.60 %).



Table 45. Effect of treatments on primary nutrient content in shoot, %

Treatments N P K
T, soil + sewage sludge (1:1) 3.901 0.496 2.213
T, soil + compost 1 (1:1) 3.211 0.553 3.093
T; soil + compost 2 (1:1) 3.789 0.700 3.293
T4 soil + compost 3 (1:1) 2.987 0.511 2.493
Ts soil + compost 4 (1:1) 3.136 0.518 2.867
T soil + compost 5 (1:1) 3.435 0.397 3.760
T7 soil + compost 6 (1:1) 2.000 0.530 2.920
Tg soil + compost 7 (1:1) 3.173 0.575 3.120
Ty soil + compost 8 (1:1) 2.744 0.447 2.707
SE (m+) 0.059 0.013 0.044
CD (0.05) 0.177 0.038 0.132

Table 46. Effect of treatments on secondary nutrient content in shoot, %

Treatments Ca Mg S
T; soil + sewage sludge (1:1) 1.95 1.53 1.87
T, soil + compost 1 (1:1) 1.41 0.44 0.56
T; soil + compost 2 (1:1) 1.84 0.31 0.88
T4 soil + compost 3 (1:1) 1.49 0.76 0.81
Ts soil + compost 4 (1:1) 1.04 0.92 0.69
| Te soil + compost 5 (1:1) 1.17 0.73 0.50
T7 soil + compost 6 (1:1) 1.17 0.43 1.50
Tg soil + compost 7 (1:1) 1.28 0.50 0.82
Ty soil + compost 8 (1:1) 0.99 0.41 0.57
SE (m+) 0.08 0.11 0.01
CD (0.05) 0.24 0.34 0.03

(
5
N




4.2.9.2 Manganese

The treatment significantly influenced the Mn content in shoot. The values
ranges from 0.01 to 0.09 mg kg''. The highest value was recorded by T3 which was
followed by T7 (0.08 mg kg") which were on par. The lowest value was obtained for
Ts followed by T4 (0.02 mg kg™') and Ts (0.02 mg kg™') which were on par.

4.2.9.3 Copper

The treatments influenced the copper content in shoot. The content in shoot
ranged from 4.01 to 9.80 mg kg'. The highest value for Cu content in shoot was
recorded in Ty followed by Ti (6.41 mg kg'). The least value was recorded in To
which was followed by T3 (4.10 mg kg™') and T5 (4.52 mg kg™') which were on par.

4.2.9.4 Zinc

The content of zinc in shoot varied from 0.01 to 0.06 mg kg™'. It was highest
in treatment receiving soil and sewage sludge in 1:1 ratio (T1) which was on par with
T3 (0.05 mg kg™'). The treatment T had the lowest zinc content and was on par with
Ty (0.02 mg kg ™).

4.2.9.5 Boron

The treatment significantly influenced the boron content in shoot. The values
ranged from 1.33 to 5.23 mg kg™'. The highest value was recorded by T> which was
followed by Ts (2.85 mg kg™'). The lowest value was obtained for T7 followed by Ts
(1.35 mg kg™") and T4 (1.53 mg kg') which were on par.

4.2.10 Heavy Metal Content in Shoot

The influence of different treatments on heavy metal content in shoots of

marigold are presented in Table 48.
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4.2.10.1 Cadmium

The content of cadmium in shoot varied from 0.010 to 0.042 mg kg'. It was
highest in treatment receiving soil and sewage sludge in 1:1 ratio (T:) which was
significantly higher than all other treatments. This was followed by Ts (0.017 mg kg’
') which was on par with Te (0.016 mg kg'), T4 (0.015 mg kg), T7 (0.014 mg kg™)
and T> (0.013 mg kg™!). The treatment T3 had the lowest cadmium content which was
on par with Ty (0.011 mg kg™), Ts (0.012 mg kg), T2 (0.013 mg kg™'), T7 (0.014 mg
kg), and T4 (0.015 mg kg™).

4.2.10.2 Chromium

The value of chromium content in shoot ranges from 1.003 to 5.334 mg kg™
The highest value was observed in Ti. Least value was observed in T7 which was on
par with T, (1.209 mg kg™), T3 (1.145 mg kg™') Ts (1.141 mg kg™'), Ts (1.101 mg kg’
Y and To (1.173 mg kg™).

4.2.10.3 Nickel

In shoot the content of nickel ranges from 0.063 to 2.729 mg kg'. The
treatment receiving sewage sludge and soil in 1:1 ratio recorded the highest value for
nickel which was followed by T2 (0.122 mg kg™'). The lowest value was observed in
To which was on par with Ts (0.066 mg kg™).

4.2.10.4 Lead

The content of lead in shoot ranged from 0.411 to 2.375 mg kg™'. The highest
value was observed in T; treatment followed by T4 (1.191 mg kg™') which was on par
with T> (1.172 mg kg™') and T¢ (1.13 mg kg''). Least value was observed in To which
was on par with Ts (0.500 mg kg™).

4.2.11 Primary Nutrient content in root

The data on content of primary nutrients in root is presented in Table 49.

L



Table 48. Effect of treatments on heavy metal content in shoot, %

Treatments Cd Cr Ni Pb

T, soil + sewage sludge 1:1 0.042 5.334 2.729 2.375

T, soil + compost 1 (1:1) 0.013 1.209 0.122 1.172

T; soil + compost 2 (1:1) 0.010 1.145 0.115 0.855

T4 soil + compost 3 (1:1) 0.015 1.141 0.076 1.191

Ts soil + compost 4 (1:1) 0.012 1.101 0.066 0.973

Té soil + compost 5 (1:1) 0.016 1.210 0.116 1.130

T soil + compost 6 (1:1) 0.014 1.003 0.083 0.920

Ts soil + compost 7 (1:1) 0.017 1.245 0.073 0.500

Ty soil + compost 8 (1:1) 0.011 1.173 0.063 0.411

SE (m+) 0.002 0.070 0.017 0.048

CD (0.05) 0.005 0.224 0.055 0.154

Table 49. Effect of treatments on primary nutrient content in root, %
Treatments N P K

T; soil + sewage sludge (1:1) 1.96 0.48 2.07
T; soil + compost 1 (1:1) 1.71 0.41 3.63
T; soil + compost 2 (1:1) 1.62 0.48 3.41
T4 soil + compost 3 (1:1) 1.70 0.36 1.67
Ts soil + compost 4 (1:1) 1.51 0.43 2.35
Té soil + compost 5 (1:1) 1.74 0.49 3.47
T; soil + compost 6 (1:1) 1.31 0.32 1.59
Ts soil + compost 7 (1:1) 1.68 0.28 2.36
To soil + compost 8 (1:1) 1.51 0.23 1.28
SE (m+) 0.05 0.01 0.05
CD (0.05) 0.16 0.04 0.15




4.2.11.1 Plant Nitrogen

Significant difference was observed in the case of nutrient content in root. The
treatment T) registered the highest value (1.96 %) followed by T (1.74 %) and Tz
(1.71 %). The least value was observed in T7 (1.31 %).

4.2.11.2 Plant Phosphorus

The treatments influenced the phosphorus content in root. Phosphorus content
in root ranged from 0.23 to 0.49 %. The highest value for P content in root was
recorded by Ts (0.49 %) followed by Ti (0.48 %) and T3 (0.048 %) which were on
par. The least value was recorded by To (0.23 %) which was on par with Ts (0.28 %).

4.2.11.3 Plant Potassium

The value of potassium content in root ranged between 1.28 to 3.63 %. The
highest value was registered by T> treatment followed by T (3.47 %) and T3 (3.41
%). The least value was obtained by Ty which was followed by T7 (1.59 %).

4.2.12 Secondary nutrients

The effect of treatments on secondary nutrient content in root is represented in
the Table 50. The treatments significantly influenced the secondary nutrient content

in root.
4.2.12.1 Plant Calcium

Calcium content in root was found to be highest in T3 and T4 (0.088 %) which
were significantly higher from all other treatments. The lowest value of 0.32 % was

observed in T (soil + sewage sludge, 1:1) and Ts (soil + compost 4, 1:1).



4.2.12.2 Plant Magnesium

The magnesium content of root varied from 0.90 to 2.08 %. The highest value
was recorded by T (soil + compost 5, 1:1) which was followed by T (1.82 %). The

lowest value was associated with Ts followed by T3 (1.15 %) which were on par.
4.2.12.3 Plant Sulphur

The sulphur content in root was also influenced by the treatments. T; recorded
the highest value (1.19 %) which was followed by T4 (0.87 %). The least value for
the same was recorded by T7 (0.64 %) followed by Ts (0.73 %).

4.2.13 Micronutrient content in root

The effect of treatments on micronutrient content in root is presented in the

Table 51.
4.2.13.1 Iron

The content of iron in root varied from 0.23 to 0.35 %. The highest value of
iron was associated with T treatment followed by Ts (0.34 %) and To (0.34 %) which
were found to be on par. The lowest value for iron was obtained for T2 and Ts (0.23
%).

4.2.13.2 Manganese

The treatments significantly influenced the manganese content in root. The
values ranges from 111.60 to 724 mg kg'. The highest value was recorded in T;
which was followed by T4 (614.90 mg kg™'). The lowest value was obtained in T3
followed by To (137.20 mg kg™') and Ts (141.20 mg kg™') which were on par.

4.2.13.3 Copper

The treatment influenced the copper content in root. The content in root

ranged from 5.70 to 9.470 mg kg"'. The highest value for copper content in root was



recorded by T4 followed by T (9.440 mg kg™') and Ts (9.22 mg kg™") which were on
par. The least value was recorded by T3 which was followed by To (7.010 mg kg™).

4.2.13.4 Zinc

The content of zinc in shoot varied from 517.33 to 741.33 mg kg™ It was
highest in treatment receiving soil and sewage sludge in 1:1 ratio (T1) which was
significantly higher than all other treatments. This was followed by Ts (714.67 mg kg

1). The treatment T3 and T had the lowest zinc content.
4.2.13.5 Boron

The treatments significantly influenced the boron content in root. The values
ranges from 2.10 to 5.28 mg kg™'. The highest value was recorded by Te. The lowest
value was obtained for Ts (2.10 mg kg™') followed by Ts (2.97 mg kg™!) and T (3.09
mg kg'h).

4.2.14 Heavy metal content in roots

The data on heavy metal content in roots as influenced the various treatments

are given in Table 51.
4.2.14.1 Cadmium

The treatments significantly influenced the cadmium content in the roots of
marigold plants. The treatment receiving soil and sewage sludge in 1:1 ratio (Th)
showed the highest value of 0.323 mg kg which was significantly higher than all
other treatments. It was followed by Ts (0.019 mg kg™). The least value (0.015 mg
kg™ for cadmium in root was observed in To which is received soil and compost 8 in

1:1 ratio.
4.2.14.2 Chromium

The highest chromium content value in roots as observed in T (5.523 mg kg’

) treatment, which was followed by T (1.263 mg kg'). The lowest chromium



Table 50. Effect of treatments on secondary nutrient content in root, %

Treatments Ca Mg S

T, soil + sewage sludge (1:1) 0.32 1.82 1.19

T, soil + compost 1 (1:1) 0.56 1.28 0.83

T; soil + compost 2 (1:1) 0.88 1.15 0.77

T soil + compost 3 (1:1) 0.88 1.28 0.87

Ts soil + compost 4 (1:1) 0.32 1.63 0.73

Té soil + compost 5 (1:1) 0.45 2.08 0.82

T7 soil + compost 6 (1:1) 0.51 1.25 0.64

Tg soil + compost 7 (1:1) 0.45 1.31 0.83

Ty soil + compost 8 (1:1) 0.56 0.90 0.79

SE (mz) 0.06 0.08 0.003

CD (0.05) 0.17 0.25 0.01

Table 51. Effect of treatments on micronutrient content in root

Treatments Fe Mn Cu Zn B

(%) | (mgkg?) | (mgkg!) | (mgkg') | (mgkg!)

T, Soil +sewage sludge (1:1) 0.35 724.00 9.440 741.33 3.99
T, Soil + compost 1 (1:1) 0.23 608.00 8.270 618.67 2.36
T, Soil + compost 2 (1:1) 0.33 111.60 5.700 517.33 2.73
T, Soil + compost 3 (1:1) 0.25 614.90 9.470 689.33 4.45
T, Soil + compost 4 (1:1) 0.34 141.20 7.820 556.00 2.10
T, Soil + compost 5 (1:1) 0.25 438.30 8.200 641.33 5.28
T, Soil + compost 6 (1:1) 0.33 160.80 8.500 517.33 3.86
T, Soil + compost 7 (1:1) 0.23 524.00 9.220 714.67 297

T, Soil + compost 8 (1:1) 0.34 137.20 7.010 572.00 3.09

SE (m +) 0.003 14.34 0.752 3.33 0.34

CD (0.05) 0.01 43.03 0.232 10.01 1.02

&,
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content in root was observed in Ts treatment (1.167 mg kg'') which receives soil and

compost 4 in 1:1 ratio.
4.2.14.3 Nickel

The nickel content in the roots of marigold ranged from 0.154 mg kg™ to
7.453 mg kg'. Treatments containing sewage sludge and soil in 1:1 ratio attained the
highest value of 7.453 which was significantly higher than all treatments. The lowest
value was attained for T7 treatment (soil + compost 6) which was on par with Ts

(0.282 mg kg™') and T4 (0.331 mg kg™).
4.2.14.4 Lead

The presence of lead could not be detected in the roots of marigold plants in

any of the treatments.
4.2.14.5 Arsenic

Arsenic content was not detected in the roots of marigold plants in any of the

treatments.
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Table 52. Effect of treatments on heavy metal content in root, %

Treatments Cd Cr Ni Pb
1 Ty soil + sewage sludge (1:1) 0.323 5.523 7.453 ND
T, soil + compost 1 (1:1) 0.018 1.263 0.511 ND
T; soil + compost 2 (1:1) 0.017 1.183 0.476 ND
Ty soil + compost 3 (1:1) 0.018 1.196 0.331 ND
Ts soil + compost 4 (1:1) 0.017 1.167 0.282 ND
T soil + compost 5 (1:1) 0.019 1.28 0.516 ND
T7 soil + compost 6 (1:1) 0.017 1.175 0.154 ND
Ty soil +compost 7 (1:1) 0.018 1.256 0.358 ND
Ty soil +compost 8 (1:1) 0.015 1.183 0.279 ND
SE (m+) 0.005 0.052 0.055
CD (0.05) 0.014 0.155 0.179 -
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5. DISCUSSION

The investigation entitled “Heavy metal stabilized sewage sludge compost as a growth
medium for ornamentals” was conducted in the department of Soil Science and Agricultural
Chemistry, College of Agriculture, Vellayani during 2017-2019 with the objective to prepare and
characterize heavy metal stabilized sewage sludge compost and to utilize it as a growth medium

for marigold. The results obtained from this study were discussed in this chapter.
5.1 COMPOSTING EXPERIMENT

5.1.1 Characterization of Composting Materials used for the preparation of Sewage Sludge
Compost

Sewage sludge composts were prepared using different bulking agents, liming materials
and heavy metal adsorbents. The materials used in this study namely sewage sludge, coirpith,
sawdust (bulking agents) and zeolite (heavy metal adsorbent) were characterised for various
chemical properties like p“, EC, organic carbon, C:N ratio, total N, P, K, Ca, Mg, S, Fe, Mn, Zn,
Cu, B.

5.1.1.1 Sewage sludge

Application of sewage sludge to agricultural soil is increasing now a days. Even though
sewage sludge is a rich source of organic carbon and other important nutrients the presence of
heavy metals and pathogens is a limiting factor for its use. So the characterization of sewage

sludge is important before its application to the soil.

The analysis of sewage sludge revealed that the sewage sludge generated from
Muttathara sewage treatment plant had a pH of 5.36 and an electrical conductivity of 8.08 dS m
! The low can be explained by the fact that sludge samples contain large fraction of organic
nitrogen which may be decomposed into amino acids. The ionization of amino acid release
hydrogen ion which will contribute to acidity. Similar results were given by El-Nahhal et al.
(2014). The high values for electrical conductivity may be due to the accumulation and
concentration of high levels of soluble salts in sewage sludge. The results are in line with the

findings of Novok and Trapp (2005).
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Sewage sludge from Muttathara sewage treatment plant have a high organic carbon
content of 17.03 %. Presence of high amount of organic matter may be the reason behind this
high organic carbon content. Chitdeshwari et al. (2002) also reported that sewage sludge from

Ukkadam have an organic carbon content of 15.9 %.

Analysis of sewage sludge revealed that it was rich in plant nutrients N (1.68 %), P (7.73
%), K (1.20 %), Ca (12.00 %), Mg (4.80 %), S (616.00 mg kg™), Fe (4500 mg kg™), Mn
(1028.80 mg kg), Zn (220.00 mg kg'), Cu (250.00 mg kg') and B (23.06 mg kg). Similar
results were given by Asokan (2017) in sewage sludge from Muttathara sewage treatment plant

which also had a high concentration of organic carbon, total N, P and K.

Presence of heavy metals metals are the limiting factors for the land application of
sewage sludge. Heavy metal analysis of the sludge indicated that the sludge was contaminated
with heavy metals. The sludge contained heavy metals Pb (73.20 mg kg™), Cr (113.20 mg kg™),
Ni (122 mg kg') and Cd (10.8 mg kg™!). Cr, Ni and Cd were above the critical limit. Arsenic was
not detected in the sewage sludge. The main source of heavy metals in sewage sludge are waste
water coming from various industries, domestic sewage , storm water run off from roads etc.
Concentration of metals in sewage sludge depends upon the sewage origin, sewage treatment
process and sludge treatment process (Singh and Agrawal, 2008). In a similar study, Feng et al.
(2018) reported that heavy metals in sewage sludge were mainly from domestic wastewater.

The sludge had a high C:N ratio of 10.14, this may be due to the limited mobilization of
nitrogen by incorporation into cell mass. This makes the availability of nitrogen at later stages of

application. (Lloreta et al., 2016)

5.1.1.2 Coirpith

Coirpith is the residue generated from coir manufacturing industry, obtained during the
extraction of coir fiber from coconut husk. Coir pith is light, fluffy, spongy substance having
high water-holding capacity (Meerow, 1995). The results revealed that coir pith used in this
study had a pH of of 5.84 with an electrical conductivity of 0.72 dS m™ and an organic carbon
content of 58 %. N, P and K contents were 1.01 %, 0.02 % and 0.04 % respectively. The
secondary nutrient content in coir pith were found to be Ca (0.16 %), Mg (0.19 %) and S (0.19
%). The content of Fe, Mn, Cu and Zn were 3165.20 mg kg™', 11.60 mg kg'', 24.40 mg kg and
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70 mg kg respectively. Boron and heavy metals like cadmium, chromium, lead, nickel and
arsenic were not detected. Tripetchkul et al. (2012) reported that coirpith had pH of 5.68.
Abhiramy and Rose (2012) reported that NPK content of coirpith was found to be 0.68%, 0.27%
and 0.04 % respectively. Muthurayar and Dhanarajann (2013) reported that raw coirpith recorded
a P and K content of 0.02 % and 0.30 % respectively.

5.1.1.3 Sawdust

Sawdust is a byproduct from wood industry. The sawdust used in this study had a pH of
of 5.66 with an electrical conductivity of 1.80 dS m™' and an organic carbon content of 52.20 %.
N, P and K content were 0.78 %, 0.01 % and 0.12 % respectively. The secondary nutrients such
as Ca, Mg and S content in sawdust were found to be 0.08%, 0.48 % and 0.06%. The content of
Fe, Mn and Zn were 682 mg kg, 19.60 mg kg™ and 51.20 mg kg™' respectively. Boron, copper
and heavy metals like cadmium, chromium, lead, nickel and arsenic were not detected. Nomeda
et al. (2008) reported that sawdust had a pH of 5.6. Yousefi et al. (2013) reported that sawdust
had a pH of 6.1 with an electrical conductivity of 1.80 dS m! and an organic carbon content of
54.08 %.

5.1.1.4 Zeolite

Zeolites are aluminosilicate minerals of alkali or alkaline earth metal which contains
crystal water. Zeolites consist of three-dimensional networks of aluminate and silicone dioxide
tetrahedral linked by partnership of all oxygen atoms. (Mumpton, 1978). The most important

properties of zeolites are ion selectivity and cation exchange capacity (Colella, 1996).

The results revealed that zeolite used in this study had a pH of of 7.41 with an electrical
conductivity of 0.17 dS m™ and an organic carbon content of 2.32 %. N, P and K content were
0.22 %, 0.05 % and 0.12 % respectively. The secondary nutrients such as Ca, Mg and S content
in zeolite were found to be 0.03%, 0.19 % and 0.01 % respectively. The content of Fe, Mn, Cu
and Zn were 38.89 mg kg™, 2.93 mg kg™!, 0.17 mg kg'' and 0.15 mg kg™’ respectively. Boron and
heavy metals like cadmium, chromium, lead, nickel and arsenic were not detected. The results
are in line with the findings of Zorpas ef al. (2008) who reported that zeolite had a pH of of 7.85
and EC of 0.155 dS m™".



5.1.2 Characterisation of Sewage Sludge Composts

The important advantage of composted manure is its maturity and stability. Composted
manure have gained wide acceptance as organic manure due to its high level of organic matter
and its ability to improve soil physical, chemical and biological properties (Eneji et al., 2001).

The prepared compost were analysed for physical, chemical and biological properties.
5.1.2.1 Physical Properties — Moisture Content and Bulk Density

Moisture content is an important parameter in composting process as these influences the
activity of micro-organisms. Moisture content of the compost increased upto 30" day and after
that there was a slight reduction in moisture content. Compost prepared with the combination of
sewage sludge and coir pith attain the highest moisture content than that of sawdust. This may be
due to the fact that coir pith have high absorption capacity and moisture retaining capacity than
that of sawdust. Similar findings were also given by Jeyaseeli and Raj (2010). Spongy structure
of coir pith helps in the retention of water. It absorbs over eight times its weight of water
(Manickam and Subramaniyam, 2014). The variation in moisture content of the compost may be
probably due to the variation in temperature during composting process. Similar findings were

put forwarded by Nomeda et al. (2008).

Bulk density is an important parameter that optimises the composting process. Optimum
conditions for the microbial development, microbial activity, and organic matter degradation is
influenced by bulk density. A gradual increase of bulk density was observed during the
composting period. The increase in bulk density might be due to the prominent reduction in
volume of compost than that of the mass. Significant increase in bulk density during composting

have been reported by Mohee and Mudhoo (2005).
5.1.2.2 Chemical Properties
5.1.2.2.1 pH, Electrical Conductivity and Organic carbon

The treatments had a significant effect on the, electrical conductivity and organic carbon
during composting. The compost pH decreased during the 30™ day of composting. This might be
due to the production of organic acids from manures as suggested by Wakene et al. (2005). At
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the end of composting period the pH value increased. Final increase in the pH of the compost
should be due to the activity of proteolytic bacteria and high buffering capacity of bulking
agents, which avoids further pH fluctuation (Rich et al., 2018).

Electrical conductivity value increased during the composting period. The increase in EC
value might be due to the release of nutrient elements from manure as a result of the
mineralisation process. Glaser ef al. (2015) reported similarly that during composting
mineralisation process occurs and this causes the release of cationic and anionic nutrients. Thus
electrical conductivity increases. The increase in electrical conductivity might have been due to
the loss of weight of organic matter and release of different mineral salts in available forms as
reported by Garg et al. (2006).

Organic carbon values gradually decreased during the composting period. This may be
due the loss of organic matter during composting. This carbon loss may be due the oxidation of

C to CO; during composting process as suggested by Khwairakpam and Bhargava (2006).

5.1.2.2 C: N ratio

C: N ratio is an important parameter as far as the availability of nutrients is concerned.
There is a decrease in C:N ratio during composting. During the composting process the
degradable organic matter is converted to volatile CO; and was removed from the compost. As
compost age increases there is an increase of nitrogen content by the mineralisation of organic
matter. Along with the loss of carbon and the increase of nitrogen content a reduction in C:N

ratio occurs with time. The result are in line with the findings of Bazrafshan et al. (2006).
5.1.2.4 Effect of Treatments on Primary Nutrients

Treatments significantly influenced the nutrient status of composts. With ageing of

compost there was an increase in the nutrient status of the compost.

Total nitrogen content increased during composting mainly due to the concentration
effect (Bustamante ef al., 2008). The maximum value for nitrogen at the end of composting
period was observed in T) treatment which was on par with Ts treatment. The highest values for

this treatment may be due to the common bulking agent i.e., coir pith. The nitrogen content of
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coirpith used was higher than that of sawdust. Coirpith also has have the ability of cation

adsorption which reduces the loss of nitrogen during composting.

There was a significant increase of phosphorus and potassium content during composting.
Due to the mineralisation process the nutrient value increased. In the final compost there was no
significant increase in phosphorus content. In the case of final compost total potassium content

was highest in Ts (sewage sludge + sawdust + zeolite + flyash).
5.1.2.5 Effect of Treatment on Secondary Nutrients

Secondary nutrients also have an increasing trend towards the end of composting. There
was significant influence of treatments on total calcium during composting. The highest value of
calcium on 60" day was observed in Ts (19.06 %), for magnesium it was in T7 (12.72 %) and for
sulphur it was Ts (0.492 %) which was on par with T7 (0.480 %). The gradual increase in this
element may be due to the mineralization process as composting process advanced. Flyash is the
residue produced from the coal combustion process which contain higher amount of MgO and
CaO (Kaur and Sharma, 2017). The presence of flyash in the compost would have contributed to

higher calcium and magnesium.
5.1.2.6 Effect of Treatments on Micronutrient Content

An increasing trend of content of micronutrients was observed at the end of the
composting period. The increase in the concentration of the metals might be due to the reduction
of compost mass. Similar opinion was put forwarded by Singh and Kalamdhad (2014). Similarly
Stephens et al., (2001) reported that as the degradation process in compost progress there is
chance for the formation of iron oxy hydroxides. These produced hydrous oxide scavenge the

metal from the composted mixture.
5.1.2.7 Effect of Treatments on Total Heavy Metal Content

Treatments significantly influenced the heavy metal content during composting. Similarly
like all the other nutrients heavy metals like lead, cadmium, nickel and chromium increased at
the end of composting period. The increase may be due to the reduction in compost mass at the
end of composting. Similar results were reported by Hsu and Lo (2001) who explained that

increase in the heavy metal concentration was due to weight loss of materials during organic



matter decomposition and mineralisation process. Even though there was an increases in total
concentration of heavy metals in the final compost the concentration was less than that in the raw
sewage sludge. This may be due to the dilution effect offered by the bulking agents as suggested
by (Nomeda et al., 2008).

The lowest value for all the heavy metals were associated with Ts treatment (sewage
sludge + sawdust + zeolite (50:30:20) + flyash). This may be due to the characteristic properties
of the components used in the compost. Sawdust is a by- product from wood industry. Sawdust
contain the organic compounds like cellulose, hemicellulose and lignin along with polyphenolic
groups. These polyphenolic group have the ability to bind heavy metal (Kaur and Sharma, 2017).
With the addition of zeolite, environmental alkalinity increases, which helps promote the metal
adsorption via surface complexation (Zorpas ef al., 2008). Researchers reported that natural zeolite
used widely for decreasing the bioavailability and mobility of heavy metals in sewage sludge
composting due to its sorption and exchangeable properties towards the heavy metals (Zorpas et al.,
2000). Natural zeolite has the ability to uptake of heavy metals which are in easily available
fractions, and exchange of sodium and potassium (Zorpas et al., 2000; Singh and Kalamdhad, 2012).
Flyash is a residue produced from the coal combustion process. Also flyash contain higher
amount of MgO and CaO. These compounds have the ability to precipitate the heavy metals in
sewage sludge compost and thus decrease the toxicity of heavy metals. Along with this fly ash is

a pozzolanic material which reduces the availability of heavy metals.
5.1.2.8 Effect of Treatments on the Fractions of Heavy Metals

The determination of total heavy metal content does not give useful information about the
bioavailability, remobilization capacity and behavior of metals in the environment (Hsu and Lo,
' 2001). Metal speciation gives an idea about the metal bioavailability and their bond strength.
Usually heavy metals are associated with five fractions, they are exchangeable, carbonate,
reducible, organic and residual fraction (Tessier et al., 1979). Metal mobility of the sewage
sludge compost might be affected by the chemical composition, content of organic matter
bounded metal and heavy metal speciation as suggested by Wang ef al. (2005). Exchangeable

and carbonate fractions of heavy metals are the most mobile fraction.

From the results of the fractionation studies it was observed that there was a decrease in

mobile fractions namely exchangeable, carbonate and reducible fraction during composting. The
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reason may be due to the fact that during composting the complexation of heavy metal occurs

resulting in a decrease in the bioavailability.
5.1.2.8.1 Exchangeable fraction, Carbonate fraction and Reducible fraction

In all the treatments there was a reduction in exchangeable fraction of heavy metals. This
fraction is very important as far as the mobility is concerned. As composting days increases a
reduction in this fraction was observed. Exchangeable fraction was found to be low in zeolite

amended compost. Similar results have also reported by Zorpas et al. (2008).

Like exchangeable fraction there was a reduction in carbonate fraction also. As
composting days increase there was a reduction in carbonate fraction also. This might be due to
the variation in pH. Zorpas et al. (2008) also reported that carbonate fractions changes with the
environmental pH. At the end of composting there was an increase in pH of the compost. This

may be the reason for the reduction in the availability of carbonate fraction during composting.

Only a slight change in reducible fraction was detected. This fraction is mainly associated

with Fe-Mn oxides and are thermodynamically unstable under adverse conditions.

As composting advances a decline in the mobile fractions of lead was observed. This
might be due to the changes in pH during composting. The development of slightly alkaline
medium decreases the mobility of Pb by forming lead- humus complex. A drop in pH at the
middle of composting period increases the mobility of lead and this metal binds with zeolite and
gets transferred to the most stable fraction. This findings were in strong accordance with Zorpas
et al. (2008) and Singh and Kalamdhad (2014).

A significant reduction in the mobile fractions of Nickel was observed during the
composting period. This reduction may be due to the alkaline stabilization process. This can be
explained with the help of similar findings given by Singh and Kalamdhad (2012). Similarly the
mobility of cadmium decreased after composting. This may be due to the formation of strong
chemical bond between cadmium and degraded organic matter (Haroun et al., 2007). While
considering the mobility of chromium there was a significant reduction in concentration of
mobile fractions. The reduction in the concentration of exchangeable and carbonate fraction may

be due to the strong bond formation between the various organic functional groups present in
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humic substance and the reduction in reducible fraction may be due to the conversion of this

fraction to residual fraction. This results was in agreement with the conclusion of Singh (2008).
5.1.2.8.2 Organic fraction and Residual fraction

Organic fractions are fractions that are generally bound to organic matter. Residual
fraction is the most stable fraction of metals and it was found to be relatively immobile. This
might be due presence of primary and secondary minerals in them. This minerals have the ability
to hold metal within their crystal structure. Similar findings were reported by Zorpas et al.
(2008). At the end of composting a large proportion of heavy metal was found in the residual
fraction. These fractions are more stable forms and they are considered to be unavailable to plant
uptake. After composting the bioavailable fraction was found to be less than 2%. Similar results

have been reported by Amir et al. (2005).

In this study the residual fraction was found to be more in zeolite amended compost. This
might be due to the conversion of mobile fractions into residual fraction at the end of
composting. This is mainly due to the adsorption and exchange property of zeolite as pointed out

by Zorpas et al. (2008).

Liming materials have a significant influence on the immobile fractions of heavy metals.
Increase in these fractions were observed in all the treatments. This may be due to the formation
of clay — humus complex (Tiquia and Tam, 2000) and the conversion of mobile fractions of

heavy metals to the most stable fraction of heavy metal.
5.1.2.9 Enumeration of E.coli

E. coli was not detected in any of the treatment during 0%, 30™ and 60" day of
composting. Dried sewage sludge was used for the preparation of sewage sludge compost which
might be the reason for the absence of E.coli in any of the treatment. Drying reduce the number
of feacal coliforms due to elevated temperature and dessication on exposure to the sunlight.

These results are in line with the findings of Ogleni and Ozdemir (2010) and Asokan (2017).
5.2 POT CULTURE EXPERIMENT

A pot culture experiment was conducted to evaluate the suitability of sewage sludge

compost as growth medium for ornamentals.
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5.2.1 Physical, Chemical and Biological Properties of Growing Medium

The results obtained on physical, chemical and biological properties of the growing

media before and after raising the crop are discussed here.
5.2.1.1 pH, Electrical Conductivity and Organic carbon

The treatments influenced the pH of the initial and final media significantly. When
comparing the pH of pre and post harvest soil a reduction in pH was observed. This decrease in
pH may be due to the release of organic acid during composting as reported by the Wakene et al.
(2005). Similar findings were given by Leno et al. (2017). Similarly as plants grow, root produce
organic acids and root exudates which also would have caused a reduction in pH in the final

growing media.

A marginal decline in electrical conductivity was observed between the pre and post-
harvest soil. This could be due to the utilization of ions in the growing media by the plants
(Asokan, 2017).

Organic carbon content also showed the similar trend. In all the treatments organic
carbon decreased in the final growing media. This may be due to the mineralization of carbon

with time.
5.2.2.2 Primary Nutrients

The primary nutrient content of the initial and final media varied significantly with
treatments. The available nitrogen content was found to be maximum in T} at the initial and end
of the experiment. T; was significantly higher than all other treatments. This might be due to the
high nitrogen content in the sewage sludge than that of the compost. Similarly highest P and K
values were obtained by T; treatment (soil + sewage sludge) during the initial and at the end of
the experiment. A reduction in the values of the nutrients was observed at the end of the
experiment. A decline in this values may be due to the removal of these nutrients by crop for
their growth and development. Asokan (2017) also reported that there was a reduction in the
final nutrient values compared to the initial value and the reason behind this was due to the crop

removal. Even after the crop removal a significant amount of N, P and K was found in the final
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growing media. This may be due to the high nutrient status of sewage sludge used in this

experiment.
5.2.2.3 Secondary Nutrients and Micronutrients

The highest value for secondary and micronutrients was associated with T (soil +
sewage sludge). A decline in the nutrient content in the final media was observed. This may be

due to the uptake by plants.

The present study revealed that the content of available micronutrients like iron,
manganese, copper, zinc and boron values declined in the final growth media. The reduction in
nutrient content may be due to the crop uptake as suggested by Asokan (2017). Treatment Ti
recorded the highest value for Fe, Mn, Cu and Zn for the initial and final media. This may be due

to the higher micronutrient content in the initial sewage sludge.
5.2.2.4 Heavy Metal Content

The treatments influenced the heavy metal content of growing media. The treatment
receiving sewage sludge and soil in 1:1 (T}) obtained the highest value for heavy metals in the
initial and final growing media. From T> to To sewage sludge compost was used in the growing

medium.

Composting of sewage sludge with suitable bulking agents, liming materials and
heavy metal adsorbents decreases the availability of heavy metals in growing medium.
Treatment Ts recorded the least value for heavy metals in the initial and final media. This may be
due to the combined effect of components used for the preparation of this compost namely

sawdust, zeolite and flyash.

Sawdust contains organic compounds like cellulose, hemicellulose and lignin along with
polyphenolic groups. They have the ability to bind heavy metal (Kaur and Sharma, 2017). With
the addition of zeolite, environmental alkalinity increases, which helps promote the metal
adsorption via surface complexation (Zorpas et al., 2008). Coal flyash contain higher amount of
MgO and CaO. These compounds have the ability to precipitate the heavy metals in sewage
sludge compost and thus decrease the toxicity of heavy metals. Along with this fly ash is a

pozzolanic material which reduces the availability of heavy metals.5.2.3 Enumeration of E.coli



E.coli was not detected in any of the treatments in the initial and final growing medium
as dried sewage sludge was used in the study. Drying reduces the number of feacal coliforms due
to elevated temperature and dessication on exposure to the sunlight. These results are in

conformity with the findings given by Ogleni and Ozdemir (2010) and Asokan, (2017).
5.2.4 Dehydrogenase Activity

Dehydrogenase activity increased at the end of the experiment. This may be due to the
increased activity of micro-organisms at the end of the experiment. Highest dehydrogenase
activity was found in To treatment during initial (16.317 pg TPF/gram soil/24 hr) and at the end
of the experiment (66.603 pg TPF/gram soil/24 hr). This may be due to root activity as well as

low heavy metal content as compared to other treatments (Anushma, 2014).
5.2.5 Plant Growth and Floral Parameters

Compost application to the soil significantly influenced the plant growth parameters such
as plant height, number of primary branches and secondary branches. Treatment receiving
sewage sludge and soil in 1:1 ratio (T1) recorded the minimum height of 70.67 cm and the
maximum height (131.67 cm ) was observed in Ty treatment (soil + compost 8 in 1:1 ratio). The
maximum number of primary branches was observed in Ty treatment (15.10) and the lowest was
observed in T) treatment (7.67). Maximum number of secondary branches (41.55) was observed

in T7 (soil + compost 6) and the minimum number (23.33) was observed in T; treatment.

Floral parameters such as days to first flowering, flower length, flower diameter, flower
weight and flower number were significantly influenced by the treatments. Treatment Ty (soil+
compost 8, 1:1) took the least number of days to first flowering (31.33) and T (soil + sewage
sludge, 1:1) took the maximum number of days (42.67) to first flowering. Similarly for the other
floral parameters To recorded the highest value for flower length (11.70 cm), flower diameter
(4.35 cm), flower weight (2.54 g) and number of flowers per plant (232.02). T\ recorded the least
values for flower length (10.39 cm), flower diameter (2.79 cm), flower weight (1.79 g) and
number of flowers per plant (111.03).

By observing the floral parameters it can be concluded that marigold grown in the soil +

sewage sludge in 1:1 ratio recorded the least value for all the parameters. This reduction may be
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due to the increased availability of heavy metals in T; treatment than other treatments. In all
other treatments sewage sludge was mixed with the bulking agents such as sawdust and coirpith.
The mixing of sewage sludge and bulking agents reduced the heavy metal concentration

significantly. Nomeda et al. (2008) also reported similarly.

All treatments from T to Te sewage sludge compost were used. Composting process also
decreased the content of mobile fractions of heavy metals in sewage sludge. The availability of
heavy metals and the rate of uptake by plants were depend upon the pH and (Alloway, 1995).
Co-composting sewage sludge with alkaline materials such coal fly ash and lime reduce the
soluble and exchangeable fractions of heavy metals in sludge compost (Wong et al., 1997; Qiao
and Ho, 1997). This may be due to the formation of insoluble carbonates, adsorption of metals
onto particles of liming materials or by the formation of organo-metallic compound with organic

matter in insoluble fractions (Petruzzelli, 1985; Wong et al., 1997).

Besides this heavy metal adsorbent was added in T3, Ts, T7 and Ty treatment. Due to the
cation exchange property and molecular sieving properties it has the ability to take up heavy
metals (Zorpas and Loizidou, 2008). Thus composting of sewage sludge with suitable liming

material, heavy metal adsorbent and bulking agents decreases the bioavailability of heavy metals.

The treatments have no significant influence on biochemical properties such as

chlorophyll content in leaves, flavonoid and xanthophyll content in flowers.
5.2.6 Yield and Yield Attributes

The treatments have significant influence on the yield and yield attributes of
marigoid. The dry matter production of shoot and root was found to be minimum in treatment
receiving sewage sludge and soii in 1:1 ratio. This may be due to the higher content of heavy
metals. Heavy metal toxicity may drastically affect the cell growth and whole plant growth.
Metal toxicity may cause reduction in fresh shoot and root weight. Metal toxicity may affect
growth and development, various physiological activities like photosynthesis, water relation,
essential nutrient uptake and enzyme activities. Similar observations have also been made by
Shah and Dubey (2010). Treatment receiving sewage sludge and compost 8 in 1:1(To) ratio

recorded the maximum dry matter yield of shoot and root. The reason may be due to the
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decreased availability of heavy metals in this treatment other than Ti. Compost 8 was used in Ty
which was prepared by using sewage sludge, sawdust, zeolite and flyash. Sawdust which is a
byproduct from wood industry contain organic compounds such as cellulose, lignin,
hemicellulose and other polyphenolic groups. They have the ability to bind heavy metals. Flyash
a residue from coal combustion process is a mixture of silica, alumina, ferric oxide, calcium
oxide, magnesium oxide and carbon. More over this the alkalinity nature of flyash also helps to
act as a neutralizing agent, which reduces the availability of heavy metals. (Kaur and Sharma,
2017). Also zeolite favours the metal sorption. Similar results were also reported by
Muhlbachova et al. (2005).

5.2.7 Nutrient Content in Shoot and Root

The treatments significantly influenced the nutrient content in shoot and root. Nitrogen is
considered as an important element needed for growth and development of plants. Present
investigation revealed that N content in plant was significantly influenced by the treatments. T
recorded the highest nitrogen content in shoot and root. This may be due to the highest nitrogen
content present in the sewage sludge. P is an important element needed for root development.
The value ranges from 3.97 % to 7 %. The highest value was observed in Tj treatment (7 %).
The treatment Ts had the highest K content (3.760 %) in shoot.

The value of calcium in shoot ranges from 0.99 to 1.95 %. The treatment receiving
sewage sludge and soil in 1:1 (T}) recorded the highest calcium percentage in shoot followed by
Ts. The treatments influenced the content of magnesium in shoots of marigold. The value of
magnesium ranges from to 0.31 to 1.53 %. The highest value was recorded in T treatment (1.53
%) followed by Ts (0.92 %) and Te (0.73 %). The value of sulphur ranges from 0.50 to 1.87 %.
The highest value for sulphur was associated with T treatment which was followed by T7 (1.50
%) and T3 (0.88 %). The higher nutrient content of sewage sludge would have contributed to

there presence in greater amounts in T

The content of iron in shoot varies from 0.21 to 1.26 %. The highest value of iron was
associated with Ts treatment followed by T3 (1.24 %) which were on par. The treatments
significantly influenced the Mn content in shoot. The highest value was recorded by T3 which
was followed by T7 (0.08 mg kg'') which were on par. The copper content in shoot ranged from
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4.01 to 9.80 mg kg'. The highest value for Cu content in shoot was recorded by T4 followed by
T (6.41 mg kg™'). The least value was recorded by To which was followed by T (4.10 mg kg™
and T5 (4.52 mg kg'') which were on par. The content of zinc in shoot varied from 0.01 to 0.06
mg kg, It was highest in treatment receiving soil and sewage sludge in 1:1 ratio (T1) which was
on par with T3 (0.05 mg kg''). The treatment significantly influenced the boron content in shoot.
The values ranges from 1.33 to 5.23 mg kg!. The highest value was recorded by Tz
(5.23 mgkg™).

Significant difference was observed in the case of nitrogen content in root among the
treatments. The treatment T) registered the highest value of 1.96 % followed by Ts (1.74 %) and
T, (1.71 %). The treatment influenced the phosphorus content in root. Phosphorus content in root
ranged from 0.23 to 0.49 %. The highest value for P content in root was recorded by Ts (0.49 %)
followed by T1 (0.48 %) and T3 (0.048 %) which were on par. The highest value for potassium
value was registered by T treatment followed by Te (3.47 %) and Ts (3.41 %). The least value
was obtained by To which was followed by T7 (1.59 %).

Calcium content in root was found to be highest in T3 (0.088 %). The magnesium content
of root varied from 0.90 to 2.08 %. The highest value was recorded by Ts (2.08 %). The sulphur
content in root was also influenced by the treatments. T; recorded the highest value (1.19 %).

The content of iron in root varies from 0.23 to 0.35 %. The highest value of iron was
associated with Ty (0.35 %). The treatment significantly influenced the Mn content in root. The
values ranges from 111.60 to 724 mg kg''. The highest value was recorded by Ti (724 mg kg).
The treatment influenced the copper content in root. The content in root ranged from 5.70 to
9.470 mg kg™'. The highest value for Cu content in root was recorded by Ta (9.47 mg kg').The
content of zinc in shoot varied from 517.33 to 741.33 mg kg'. It was highest in treatment
receiving soil and sewage sludge in 1:1 ratio (T:). The treatment significantly influenced the
boron content in root. The values ranges from 2.10 to 5.28 mg kg!. The highest value was
recorded by Te. The higher content of these elements in growing media associated with these

treatments would have contributed to their higher uptake and content in shoot and root.
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5.2.8 Heavy Metal Content in Shoot and Root

Heavy metal content in shoot and root were significantly influenced by the treatments.
The heavy metals such as cadmium, chromium, nickel and lead was found to be maximum in T,
treatment receiving sewage sludge and soil in 1:1 ratio. T; recorded highest value for all the
heavy metals in shoot, cadmium (0.042 mg kg'), chromium (5.334 mg kg™), nickel (2.729 mg
kg') and lead (2.375 mg kg™'). In this except nickel all the elements were above the permissible

limits.

The content of heavy metal in root was significantly influenced by the treatments. The
content of heavy metal in root was significantly influenced by the treatments and was the highest
in T; for cadmium (0.323 mg kg™), chromium (5.523 mg kg') and nickel (7.453 mg kg). All
these heavy metals were above the permissible limits Lead was not detected in. roots of any
treatments. The higher content of heavy metal in shoct and root in T treatment may be a
reflection of the presence of these elements in significantly higher amounts in the growing media

in T, Similar results were also reported by Asokan (2107).

Accumulation of heavy metals were found to be higher in roots than in shoot. This may
be due to the fact that roots are first target organ to come in contact with the heavy metal. Also
whenever the plant tissues come in contact with the heavy metals, resistance strategies were
adopted by the plants and the root cap and border cell exudates mucilage which can bind the
metallic cations. The complex formation of heavy metal with these root exudates decreases the
mobility of heavy metals to above ground parts. This was in accordance with the findings of
Singh and Agrawal (2008).

Heavy metal content in shoot and root was found to be minimum in treatment receiving
soil and compost 8 in 1:1 ratio (To). It should be noted that the availability of heavy metals in the
growing media was less in To, compared to other treatments. This would have resulted in lesser

uptake of these elements into the plant and subsequent accumulation in root and shoot.
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6. SUMMARY

The present investigation entitled “Heavy metal stabilized sewage sludge
compost as a growth medium for ornamentals” was conducted in the department of
Soil Science and Agricultural Chemistry, College of Agriculture, Vellayani during
2017-2019 with the objective to prepare and characterize heavy metal stabilized
sewage sludge compost and to evaluate its suitability as a growth medium for
marigold. Sewage sludge for the study was obtained from sewage treatment plant,

Muttathara Thiruvananthapuram.

The study comprised of two parts preparation of sewage sludge compost and
the evaluation of the suitability of the compost as a component for growing media for
ornamentals. The composting experiment was laid out in completely randomized
block design with eight treatments and three replications. The treatments consisted of
sewage sludge + coir pith (50:50) + lime (T - compost 1), sewage sludge + coir pith
+ zeolite (50:30:20) + lime (T - compost 2), sewage sludge + sawdust (50:50) +
lime (T3 - compost 3), sewage sludge + sawdust + zeolite (50:30:20) + lime (T4 -
compost 4), sewage sludge + coir pith (50:50) + fly ash (Ts - compost 5), sewage
sludge + coir pith+ zeolite (50:30:20) + flyash (T - compost 6), sewage sludge +
sawdust (50:50) + flyash (T7 - compost 7) and sewage sludge + sawdust + zeolite
(50:30:20) + flyash (Ts - compost 8). The compost samples were drawn during o™,
30" and 60" days of composting and they were analysed for physical (moisture
content and bulk density), chemical (pH, EC. organic carbon, macronutrients,
micronutrients, heavy metals and heavy metal fractions) and biological (enumeration

of E.coli) properties.

In the second phase, growing media prepared using the sewage sludge
composts and soil in 1:1 ratio were taken as treatments and evaluated using marigold
as test crop. The nine treatments were T - soil + sewage sludge, Tz - soil + compost

1, Ts - soil + compost 2, T4 - soil + compost 3, Ts - soil + compost 4, Ts - soil +



compost 5, T7 - soil + compost 6, Tg - soil + compost 7 and T - soil + compost 8.
The design adopted was CRD with three replications. The physical, chemical and
biological properties of growing media were analysed before and after the
experiment. Growth parameters of plant such as plant height, number of primary
branches, number of secondary branches, yield and yield attributes (dry matter yield
of shoot, root and flower yield ) were recorded. The content of primary, secondary

nutrients and heavy metals were analysed in shoot and root separately.
The results obtained from this study are summarised as below

e The sewage sludge generated from Muttathara sewage treatment had a pH of
5.36 which was acidic and an electrical conductivity of 8.08 ds m™ which was
high.

¢ It had an organic carbon status of 17.03 %.

e It was rich in plant nutrients N (1.68 %), P (7.73 %), K (1.20 %), Ca (12.00
%), Mg (4.80 %), S (616.00 mg kg"), Fe (4500 mg kg™'), Mn (1028.80 mg kg’
1), Zn (220.00 mg kg™), Cu (250.00 mg kg™') and B (23.06 mg kg™).

e It contained the heavy metals Pb (73.20 mg kg'), Cr (113.20 mg kg™'), Ni
(122 mg kg') and Cd (10.8 mg kg™). Cr, Ni and Cd were above critical limit.
As was not detected.

e E.coli was not present in this sludge sample.

The salient findings of the first phase of the experiment involving the
production of composts with different bulking agents, heavy metal adsorbents
and liming materials are summarized as follows:

e The highest moisture content was recorded by Ts (49.78 %) and the highest
bulk density was observed in T3 (0.71 g cc™') during 60" day of composting.

e In the final compost Ts recorded the highest pH (7.07) and for EC T recorded
highest value (6.52 dS m™).
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Organic carbon decreased during the composting and all macro, micro and
heavy metals increased at the end of composting.

Fractionation studies of heavy metals revealed that the mobile fractions
namely exchangeable, carbonate and reducible fraction decreased at the end
of composting and stable organic and residual fraction increased.

E.coli was not observed in any of the treatment during 0", 30" and 60™ days
of composting.

The compost Ts (Sewage sludge + sawdust + zeolite (50:30:20) + flyash) was
superior with respect to stabilization of heavy metals.

Analysis of the initial and final growing media revealed that pH, EC, organic
carbon, N, P, K, Ca, Mg, S, Fe, Mn, Cu, Zn and B decreased in the final
growing media than the initial growing media.

Treatment receiving soil and sewage sludge in 1:1 ratio recorded the highest
concentration of heavy metals when compared to the other treatments.

E.coli was not detected in any of the treatment both in initial and final
growing media.

Treatments did not significantly influence the biochemical properties like
chlorophyll in leaves, xanthophyll and flavonoid content in flowers.
Treatments significantly influenced the plant growth parameters. Ty recorded
the highest plant height (131.67 cm) and no of primary branches (15.10). The
maximum number of secondary branches (41.55) was observed in T7 (soil +
compost 6).

Floral parameters such as days to first flowering, flower length, flower
diameter, flower weight and flower number were significantly influenced by
the treatments. Treatment Ty (soil+ compost 8, 1:1) took the least number of
days to first flowering (31.33). It recorded the highest value for flower length
(11.70 cm), flower diameter (4.35 cm), flower weight (2.54 g) and number of
flowers per plant (232.02).



e T (soil + sewage sludge, 1:1) took the maximum number of days (42.67) to
first flowering. T recorded the least values for flower length (10.39 cm),
flower diameter (2.79 cm), flower weight (1.79 g) and number of flowers per
plant (111.03).

e The treatments have significant influence on the yield and yield attributes of
marigold. The dry matter production of shoot and root was found to be least in
treatment receiving sewage sludge and soil in 1:1 ratio. The highest dry matter
production of the shoot (43.50 g) and root (2.320 g) was associated with Ty
(soil + compost 8, 1:1).

¢ Treatments significantly influenced the heavy metal content in plants (shoot
and root). The heavy metals such as cadmium, chromium, nickel and lead
were found to be maximum in T treatment receiving sewage sludge and soil
in 1:1 ratio. T; recorded the highest value for all the heavy metals namely
cadmium (0.042 mg kg™'), chromium (5.334 mg kg™'), nickel (2.729 mg kg")
and lead (2.375 mg kg'). Except nickel the concentration of all the heavy
metals elements studied were above the permissible limits.

e The content of heavy metal in root was significantly influenced by the
treatments and was the highest in T; for cadmium (0.323 mg kg'), chromium
(5.523 mg kg') and nickel (7.453 mg kg'). All these heavy metals were

above the permissible limits. Lead was not detected in roots of any treatments.

Based on the present investigation it can be concluded that sewage sludge
generated from sewage treatment Muttathara is rich in organic carbon and other plant
nutrients and had a pH of 5.36. The sludge contained heavy metals such as Pb, Cr, Ni
and Cd of which Cr, Ni and Cd were above the critical limit. Sewage sludge compost
prepared as per the treatments were rich in organic carbon and plant nutrients. During
composting there was a drastic reduction in the mobile fractions (exchangeable and

carbonate) and an increment in stable fractions (residual) which indicated that



composting of sewage sludge with heavy metal adsorbent and different bulking

agents decreased the mobility and bioavailability of heavy metals.

Results of pot culture experiment indicated that the growth and yield of
marigold was higher in the treatment receiving sewage sludge, sawdust, zeolite
(50:30:20) and flyash. The heavy metal content in marigold were found to be below
the permissible limit in all the treatments were composted sewage sludge was used
indicating that composting of sewage sludge with bulking agents like coirpith,
sawdust, adsorbents like zeolite and liming materials like lime and flyash decreased

the uptake of heavy metals by plants.

Based on the findings it can be concluded that sewage sludge from sewage
treatment plant Muttathara after composting with sawdust, zeolite and flyash for 60
days can be used as a component of growing medium for ornamentals (1:1 ratio
mixed with potting mixture). However its suitability for growing food crops should

be further evaluated before the use.
Future line of work

1. Evaluation of sewage sludge compost for the production of food crops.
2. Screening of crops and varieties suitable for sewage sludge compost treated
soil.

3. Production of biochar from sewage sludge.
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ABSTRACT

The present investigation entitled “Heavy metal stabilized sewage sludge compost as
a growth medium for ornamentals™ was conducted in the department of Soil Science and
Agricultural Chemistry, College of Agriculture, Vellayani during 2017-2019 with the
objective to prepare and characterize heavy metal stabilized sewage sludge compost and to
utilize it as a growth medium for marigold. Sewage sludge for the study was obtained from

sewage treatment plant, Muttathara Thiruvananthapuram.

The study comprised of two parts viz, preparation of sewage sludge compost and the
evaluation of the suitability of the compost as a component for growing media for
ornamentals. The composting experiment was laid out in completely randomized block
design with eight treatments and three replications. The treatments consisted of sewage
sludge + coir pith (50:50) + lime (T) - compost 1), sewage sludge + coir pith + zeolite
(50:30:20) + lime (T2 - compost 2), sewage sludge + sawdust (50:50) + lime (T3 - compost
3), sewage sludge + sawdust + zeolite (50:30:20) + lime (T4 - compost 4), sewage sludge +
coir pith (50:50) + fly ash (TS5 - compost 5), sewage sludge + coir pith+ zeolite (50:30:20) +
flyash (Te - compost 6), sewage sludge + sawdust (50:50) + flyash (T7 - compost 7) and
sewage sludge + sawdust + zeolite (50:30:20) + flyash (Ts - compost 8).

In the second phase, growing media prepared using the sewage sludge composts and
soil in 1:1 ratio were taken as treatments and evaluated using marigold as test crop. The nine
treatments were T - soil + sewage sludge, T2 - soil + compost 1, T3 - soil + compost 2, T4 -
soil + compost 3, Ts - soil + compost 4, Té - soil + compost 5, T7 - soil + compost 6, Ts - soil

+ compost 7 and To - soil + compost 8. The design adopted was CRD with three replications.

Characterisation of sewage sludge generated from Muttathara treatment plant
revealed that the sludge had a pH of 5.36. The organic carbon content was high (17.03%). It
was rich in plant nutrients N (1.68%), P (7.73%), K (1.2%), Ca (12%), Mg (4.8%), S (616 mg
keg), Fe (4500 mg kg™'), Mn (1028.8 mg kg™'), Zn (220 mg kg™'), Cu (250 mg kg™ énd B
(23.06 mg kg™). The sludge contained heavy metals Pb (73.2 mg kg™), Cr (113.2 mg kg™'), Ni
(122 mg kg') and Cd (10.8 mg kg'). Cr, Ni and Cd were above critical limit. As was not
detected.

The results of composting experiment revealed that T7 (Sewage sludge + coirpith

(50:50) + flyash) recorded the highest organic carbon percentage (14.47%) followed by



Ts (14.42%). Composting resulted an increase in pH. In the final compost T> recorded the
lowest pH (5.23) and the highest pH was noticed in Ts (7.07). Content of major nutrients,
secondary nutrients, micro nutrients and heavy metals increased in the final compost. Ts
recorded the highest amount of nitrogen (1.53%), phosphorus (1.24%) and potassium
(0.29%). Ts (sewage sludge + sawdust + zeolite (50:30:20) + flyash) recorded the least
concentration of heavy metals lead (33.06 mg kg™), nickel (97.623 mg kg''), cadmium (5.41
mg kg'), and chromium (47 mg kg'). E. coli was not detected in any one of the treatments.
Heavy metal fractionation studies of final compost revealed that the mobile fractions of
heavy metals (exchangeable and carbonate) decreased in all treatments while the stable
fraction of heavy metal (residual) increased. Mobile fractions of lead decreased during
composting and was found to be least in Tg and T2. Exchangeable and carbonate fractions of
chromium decreased during composting and was found to be lowest in Ts (0.043 and 0.047
mg kg respectively). Exchangeable fraction of nickel was found to be lowest in Ts (0.070
mg kg') while carbonate fraction (1.036 mg kg') was lowest in Ts. In case of cadmium,
exchangeable (0.010 mg kg™') and carbonate (0.013 mg kg™ fractions were found to be least

in Ts.

Results of pot culture experiment revealed that there was a reduction in pH, electrical
conductivity, organic carbon and content of all nutrients in growing media at the end of the
experiment. Dehydrogenase activity increased in the post harvest growing media compared to
initial for all treatments. To (Soil + compost 8) recorded the maximum no of flowers, flower
yield, flower weight, flower diameter and took least number of days to first flowering. It was
also superior with respect to vegetative and floral parameters. The heavy metal content in
plant (shoot and root) were significantly influenced by the treatments and T (soil + sewage
sludge) recorded the highest content for all heavy metals and was above the permissible limit
for Cd, Cr and Pb. The lowest heavy metal content in shoot and root were observed in To (soil
+ compost 8) and was within the permissible limits for all the treatments T2 to To. Arsenic
was not detected in shoot and root in any of the treatments. Lead content was also not

detected in roots.

Based on the present investigation it can be concluded that sewage sludge generated
from sewage treatment Muttathara is rich in organic carbon and other plant nutrients and had
a pH of 5.36. The sludge contained heavy metals such as Pb, Cr, Ni and Cd of which Cr, Ni
and Cd were above the critical limit. Sewage sludge compost prepared as per the treatments
were rich in organic carbon and plant nutrients. During composting there was a drastic
reduction in the mobile fractions (exchangeable and carbonate) and an increment in stable
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fractions (residual) which indicated that composting of sewage sludge with heavy metal
adsorbent and different bulking agents decreased the mobility and bioavailability of heavy
metals. Results of pot culture experiment indicated that the growth and yield of marigold was
higher in the treatment receiving sewage sludge, sawdust, zeolite (50:30:20) and flyash. The
heavy metal content in marigold were found to be below the permissible limit in all the
treatments indicating that composting of sewage sludge with bulking agents like coirpith,

sawdust and adsorbents like zeolite decreased the uptake of heavy metals by plants.
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Appendix I

SPECIFICATION OF ORGANIC FERTILISER (FCO, 1985)

City compost

(1) Moisture, per cent by weight
(ii)  Colour
(iii)  Odour
(iv)  Particle size

should pass through 4.0 mm IS sieve
(v)  Bulk density (g/ cm®)
(vi)  Total organic carbon,

Per cent by weight. minimum
(vii) Total Nitrogen

Per cent by weight, minimum
(viii) Total phosphates

Per cent by weight, minimum
(ix)  Total potash

Per cent by weight, minimum
(x) C:N ratio
(xi) pH
(xii) Ec(asdSm™)

Not more than
(xiii) Pathogens
(xiv) Heavy metal content, (as mg/kg)

15.0-25.0

Dark brown to black

Absence of foul odour

Minimum 90% material

0.7-0.9

16.0

0.5

0.5

1.0

20:1 or less

6.5-7.5

4.0

Nil



Per cent by weight, minimum
Arsenic (as AS203)
Cadmium (as Cd)
Chromium (as Cr)

Copper (as Cu)

Mercury (as Hg)

Nickel (as Ni)

Lead (as Pb)

Zinc (as Zn)

10.00

5.00

50.00

300.00

0.15

50.00

100.00

1000.00

A\



Appendix II

Permissible limits for heavy metals in plant (WHO, 1996)

Elements Permissible value of plant (mg kg B
Cd 0.02
Cr 1.30
Cu 10.0
Pb 2.0
Ni 10.0
Zn 0.60




