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ABSTRACT

The recycling and bioconversion of N-poor RPMS along with N-rich kitchen waste and Tephrosia
purpurea into value added compost was studied under aerobic condition in windrow system.The
composting of the RPMS was carried out for a period of 45 days into three treatments, namely, 1. RPMS
+ Inoculum source 2. RPMS + Kitchen waste + Inoculum source and 3. RPMS + Kitchen waste +
Tephrosia purpurea + Inoculum source were tested. Among the three treatments, the treatment T3
yielded high nutritive compost during 45 days of composting time when compared to other two
treatments. The Physico-chemical analysis of the RPMS compost revealed a gradual decrease in EC and
C:N ratio content and increase in pH level during the composting processes whereas the temperature of
the composting pile reached the thermophilic stage on 15" day of decomposition and thereafter
decreasing value in temperature was recorded. Among the three treatments, the treatment Ts recorded
a very narrow C:N ratio and quick stability during 45 days of composting period when compared to
other two treatments. It was concluded that the N-poor RPMS can be successfully bio-converted into
value added compost in a period of 45 days by the supplementation of N-rich organic materials like
Kitchen waste and Tephrosia purpurea in the ratio of 3:1:0.5.
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INTRODUCTION

The pulp and paper industry plays an integral role in the global economy. Global
production in the pulp and paper industries is expected to increase by 77% by the year of
2020 with over 66% of paper will be recycled at the same time [20]. There are about 500
Kraft mills and thousands of other forms of pulp and paper mills in the world. The paper
recycling process produces a considerable amount of organic waste which is not suitable for
the production of new paper. The waste paper sludge is a growing problem worldwide and
subsequently sludge production upto 23.4% per unit of producing paper will continue to
increase and environmental quality standards will become more stringent [25].

Sludge from a typical recycled pulp and paper effluent-treatment facility undergoes
dewatering operations which increases the solids content of the liquid sludge from 3-5% to
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about 50% (wet weight basis). Chemical flocculation coupled with mechanical force is used
to remove water from the mixture. The resultant sludge material is a tightly held wet mass
of secondary wood fibre, inorganic clays and filler and contaminants.

The disposal of N-poor RPMS is an inevitable problem for these industries. The current
practices of sludge disposal include land spreading [27, 4], land filling [30] and incineration.
These practices are becoming increasingly unfavourable due to ecological and economic
considerations. New sludge management approaches must be sought that utilize this
material in a value-added manner. Innovative and initiatives have been considered by
many, but have proved unrealistic due to the large quantities, high moisture content,
unpleasant odour substantial variability and difficulties encountered in handling the sludge
material [2, 12, 11]. To ensure the sustainability of the recycled paper industry
economically viable and ecologically sound alternatives must be found for the re-use of this
waste stream.

Recycled paper mill sludge (RPMS) is an active organic material that has potential benefits
as a source of nutrients for crop plants [7, 15]. According to Das et al. [10], composting
paper sludge could be a promising technology in reducing waste problems by converting
complex materials into useful soil amendments. According to Pe’rez-Piquarez et al. [26],
compost amendment modify the microbial community composition and decrease plant
pathogens activity by enhancing competition and antagonism among microbes and
reducing mass and volume, which makes compost suitable for agricultural applications.
Several studies on the feasibility and the advantage of composting pulp and paper mill
sludge have been carried out mainly in the temperate countries, especially on the
composting processes physical, chemical and microbial characteristics of the compost [1,
14, 22]. According to Marche et al. [22], composting paper mill sludge with hardwood
sawdust (as bulking agent) could be successfully achieved with parameters such as
aeration, moisture and close monitoring of C/N ratio. Moreover, the poor content of
nitrogen (<0.3%) of the RPMS retards the anaerobic composting processes. Therefore,
composting of N-poor RPMS along with kitchen waste and green manure plants (as nitrogen
& bulking agent) could be an alternative method to reduce the composting time and
increase the nutrient status of the compost under aerobic windrow system [0, 7].

Hence, the present research work has been undertaken with an aim to exploit the positive
role of N-rich organic substrates supplementation on the enhancement of bioconversion
processes of N-poor RPMS to value-added compost under aerobic windrow system.

MATERIAL AND METHODS

Experimental site and conditions

The study was conducted at the barren yard section of Sripathi paper mill, Sivakasi, Tamil
nadu state, India in an open condition during the summer season (April to June, 2018).
The mean minimum and maximum temperature of the area is 26°C and 30°C, respectively
with 53% of relative humidity. The whole study was carried out on composted clay surface
having low permeability (10-7 cm) and a two percent slope. The down slope boundary of the
pad was surrounded by clay bund to ensure that leachate was diverted to leachate
collection tank.

Collection of recycled paper mill sludge (RPMS):

The RPMS was collected from the filter press used for dewatering and used for dumping
windrows (Plate 1). During the collection, the RPMS was in wet solid form (50% solid
content) and transported to experimental site by using truck.

Physico-chemical characteristics of RPMS

Four samples (each 1 kg) of each windrow were collected from different layers of RPMS for
the purpose of characterization. They were brought to the laboratory, air dried and ground
to pass through a 2 mm sieve. After grinding the RPMS, all the four samples were pooled
up and a representative sample (1 kg) was collected.

The representative sample is used to analyse the physico-chemical characteristics, namely,
moisture content, pH, EC, organic carbon, C:N ratio and macro nutrients, namely, N, P and
K.
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Table 1: Physico-chemical analysis of Recycled Paper Mill Sludge

Parameter RPMS
Moisture content % 60
pH 6.8
EC ms! 3.92
Organic carbon % 12.6
Total Nitrogen % 0.3
Total Phosphorus % 0.1
Total Potassium % 0.24
C:N ratio 42

Experimental setup:

The collected RPMS were dumped in windrow measuring 3 m (width) X 6 m (length) X 2m
(height) and used for composting in aerobic environment. It has been documented that the
windrow with the above measurements is enough to retain heat in composting mass to
promote the desirable thermophilic activity [23]. The process of aerobic composting was
carried out in three different treatments as detailed below.

1. RPMS + Inoculum source (The inoculum source was prepared as slurry containing
cow dung, poultry waste and goat waste @ 3:1:1 ratio).

2. RPMS + Inoculum source + Kitchen waste (The kitchen waste was obtained from the
industrial canteen of the Sripathi paper mill, Sivakasi and mixed with RPMS @ 3:1
ratio, respectively).

3. RPMS + Inoculum source + Kitchen waste + Tephrosia purpurea (The legume plant
Tephrosia purpurea was collected from the gardenland site of the industry, shredded
into 4mm pieces, transported to the experimental site and mixed with RPMS +
Kitchen waste @ 3:1:0.5 ratio, respectively).

Nine windrows were constructed in three rows in order to maintain three replications of
each treatment. The oriented slope is used to permit leachate to flow towards the collection
tank. The windrows were aerated by natural convection as hot air rises through the top of
the pile, creating a partial vacuum that draws cooler air from the sides, thus, circulating air
which provides enough oxygen and access for microbes to nutrients. Each windrow was
initially turned on the same day. Windrows were turned throughout the study with a front
loader for every 15 days. The samples were drawn at intervals of 15 days, dried and ground
to pass through 2 mm sieve and used for Physico-chemical analysis.

Physico-chemical analysis of the composted RPMS

The pH and EC of the samples were determined by shaking 10 g of compost material in 100
ml of distilled water (1:10 w/v) for 3 minute and then measuring with digital pH and EC
meters. Total nitrogen (N) in the compost was estimated by digestion and subsequent
measurement with the Kjeldhal method [5]. Total carbon (C) content was determined by the
dry ash procedure described by Jackson [17]. The C/N ratio was calculated by dividing the
percentage of organic carbon by the percentage of total nitrogen [18]. Macronutrient
contents (P and K) of compost were extracted by digestion with di-acid and estimated
colorimetrically and by flame photometer, respectively [17].

Temperature of each windrow was measured daily with long stemmed thermometer. The
thermometer sensor was inserted about 0.6 m below the pile surface and approximately
half of the distance from the ground to the top of the pile in two locations of each windrow.
Statistical analysis

The experiment was conducted in completely randomized block design (CRD) with three
replications.
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Plate 1: Appearance of Recycled Paper Mill Sludge (RPMS)

RESULTS AND DISCUSSION

The physical and chemical properties of RPMS are presented in Table 1. The raw RPMS
were wet, sticky, cake form with moisture content of about 60% and unpleasant odour.
Generally, the RPMS was dewatered mechanically to increase the solid content, reduce the
volume and weight and improve their handling properties. The composting of the RPMS is
recognized as the best pre-treatment in order to obtain a material with reduced odour and
better sanitization [3].

The mean pH value of the RPMS was 6.8 (Table — 1) so, the RPMS is suitable for land
application because of its neutral pH and the cellulosic fibre content of the same can hold
moisture in the soil system.

The Electrical conductivity (EC) of the RPMS was recorded as 3.92 ms cm! (Table-1).
However, the EC level < 2 ms cm ! in soil and irrigation water is generally considered as a
safer level for agricultural crops. Generally, most of the agricultural crops were found to
tolerate the EC level in a range of 3 — 4 ms cm! in soil.

The carbon content of the recycled paper mill sludge was recorded as 12.6 % whereas the N
and P content of RPMS was found to be 0.3 % and 0.1%, respectively. The high organic
matter content of RPMS improves the soil fertility and enhances the physical properties of
agricultural soils (Table — 1).

Gulser et al. [8] and Rosazlin et al. [28] described the Physico-chemical characteristics of
the RPMS in detail. In the present study also, the RPMS collected from Sriapathi paper mill
had similar characteristics of the above reports except for the contents of nutrients and
heavy metals.

Compost characteristics during composting processes

Changes in pH, EC and C:N ratio of the RPMS that occurred in the windrow during the
decomposition of RPMS was studied. The pH values showed a variation among the three
different treatments (T; — T3). Among the three treatments, the treatment T3 recorded a
sharp increase in pH level when compared to other treatments. The initial pH value of the
treatment T3 was found to be 6.89 and the same increased to 7.41 after 45 days of
decomposition of RPMS (Fig. 1). Kizilkaya et al. [19] reported that the increase in pH value
during the decomposition of RPMS attributed to the production of ammonia. When
ammonia reacts with water to form NHs4* and free OH- groups and thus the pH value
increases. Michel and Reddy [24] reported that the rise in pH level during the
decomposition of RPMS might be attributed to the degradation of short chained fatty acids
and ammonification of organic N in RPMS. Lakshmipriya et al. [21], Rosazlin et al. [28] and
Gulser et al. [8] reported the increase in pH values during the decomposition of RPMS along
with various bulking agents, namely, sawdust and empty fruit branches. In the present
study also, the rise in pH level was recorded during the decomposition of RPMS along with
Tephrosia purpurea, as bulking agent.
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Changes in pH during aerobic composting
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Fig 1: pH profile during composting
The decreasing pattern of EC was observed in all the treatments, namely, T: — T3 during the
decomposition of RPMS whereas the treatment Tz recorded a sharp decrease in EC level
compared to other treatments (Fig. 2). The decreasing profile of EC indicates that the
compost is ideal for land application [29]. In the present study, the final EC of the RPMS
compost occurred within the recommended values and the same can be used as soil
amendment.

Changes in EC during aerobic composting
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Fig. 2: EC profile during composting

In the present study, the C:N ratio of the RPMS compost was found to be 23.2, 18.46 and
11.8 in Ty, T2 and T3 treatments, respectively (Fig. 3). Among the three treatments, the
treatment T3 recorded a narrower C:N ratio when compared to other treatments. C:N ratio
is an index for the maturity of the compost. The compost with narrow C:N ratio is highly
suitable for land application [28]. The results of the present study clearly reported the
positive role of enhanced microbial activity during the decomposition of RPMS and the same
attributed to the addition of N - rich organic materials, namely, Kitchen waste and
Tephrosia purpurea to the RPMS and thus the decomposition of RPMS reached the maturity
stage of the compost at an earlier time, namely, 45 days.

Among the three treatments, the treatment Tz recorded a narrow C:N ratio (11.8:1) when
compared to other two treatments after at 45 days of RPMS decomposition. The C:N ratio
was found be higher on the first day of decomposition, but it decreases subsequently with
time. This might be attributed to the decomposition of organic matter into CO, and H20 due
to the enhanced microbial activity in windrow. The result of the present study is complying
with standards recommended by the Central Public Health and Environmental Engineering
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Organization (CPHEEO, 2000), India®. The C:N ratio below 20 is an acceptable maturity in
final product. However, a C:N ratio of 15 or less being preferable [16].

Changes in C:N ratio during composting
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Fig. 3: Changes in C:N ratio during composting

All the treatments namely, T: — Ts showed a variation in temperature pattern. Among the
three treatments, the initial temperature of the treatment Ts was found to be 27°C and the
same increased to 65°C after 15 days of composting period. The temperature of the
compost pile is either a consequence or determinant of microbial activity (Vallini et al.,
2002)31,

Changes in temperature during composting
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Fig. 4: Temperature pattern during composting

The results of the present study clearly indicated the intense activity of the microorganisms
so that the composting processes was at higher rate when compared to other treatments.
The temperature gradually decreases to mesophilic range by the end of the composting
period as indicated in fig. 4. The heat generated in this process also helps in the
destruction of pathogens [13].

Table 2. Macronutrient content of RPMS composed after 45t" day of composting in
aerobic windrow system

Parameter T1 T2 T3

Total Nitrogen % 0.5 | 0.78| 0.95

Total Phosphorus % | 0.2 | 0.34 | 0.42

Total Potassium % 0.32 | 0.47 | 0.72

In the present study, the treatment T3 recorded a higher level of nutrient concentrations,
namely N, P, K in the final product when compared to other two treatments after 45 days of
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composting period (Table — 2). The results of the present study are also in concomitant with
an earlier findings of Zucconi and De Bertoldi [32].

CONCLUSION

The results of the present study clearly revealed the recycled paper mill sludge (RPMS)
which is rich in carbon and poor in nitrogen content can be recycled together with
nitrogenous rich organic materials like Kitchen waste and Tephrosia purpurea (Bulking
agent) by mixing in a ratio of 3:1:0.5 with suitable inoculum source (cow dung slurry,
Poultry waste and Goat waste) in a period of 45 days under aerobic windrow composting
system. The treatment, namely, RPMS + Kitchen waste + Tephrosia purpurea + inoculum
source recorded a decreasing composting time with high nutrient content (NPK) due to the
enhanced microbial activity. Therefore, the addition of nitrogenous rich organic materials
and effective inoculum source play a vital role in the recycling and bioconversion of N-poor
RPMS into value added compost. However, the biochemical and physiological mechanism
of bioconversion of RPMS into compost needs further exploitation.
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