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Abstract: Sewage sludge is an unavoidable by-product of wedér treatment
processes; its disposal is generally costly or @asgontaminate the environment.
Being rich in micro-and macronutrients, compostaigsewage sludge is one of the
important disposal alternatives. Nutrients balaplegs a vital role in the composting
process which is expressed as, carbon to nitragéy) fatio. Therefore, the aim of this
paper is to evaluate the feasibility of C/N raf(t$s, 20, 25, and 30) with control on the
agitated pile composting of sewage sludge duringa8@&. It was observed that C/N 30
produced the best compost, showed highest temperatofile, higher loss in EC
value, TOC, C@ evolution, OUR, BOD, COD and higher gain in tatittogen and
phosphorus, implying the total amount of biodegbdel@rganic material is stabilized;
and a Solvitd maturity index of 8 indicated that the compost wtsble and ready for
usage as a soil conditioner. On analyzing the tefyl ANOVA, the physico-chemical,
biological and stability parameters varied sigrifily during the 30 days composting
process. Therefore, it can be suggested that thecpimposting of sewage sludge at
C/N 30 can produce more stable compost after 3@,dakile, C/N 15, 20, 25 and
control poses least stable.

Keywords: sewage sludge, C/N ratio, cattle manure, pile catipg, stability,
solvita® maturity index.
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INTRODUCTION

Modern wastewater treatment plants use a combmafigphysical, chemical and biological processes.
An unwanted and/or unavoidable by-product of waatewtreatment is sewage sludge; exhibits the
challenge to societies for disposing the huge amotirsludge, but at the same time gives us the
prospect for beneficial use by recycling of nuttserSludge originated from treatment activity must
return to soil if a sustainable and ecologicallyrsd management of these materials is desiraBle
present the major ways of disposing of sewage sludg deposition, landfill and incineration, only
very few amounts of sludge are used in agriculureposes. Sewage sludge, which contains higher
concentration of nutrients, could be re-used incaiure as fertilizer and soil conditioner. In dtitzh

the use of sludge as a fertilizer would decreasethounts of chemical fertilizers needed in agtireal
and supply micronutrients which are not commonbtaoeed in routine agricultural practice. However,
high odor emission, high levels of heavy metals #dc organic compounds, and the presence of
potentially pathogenic microorganisms, demand patinent of sewage sludge before application in
agriculturé?®.

In this regard, composting is a successful strategthe sustainable recycling of sewage slddg&@he
capacity of reducing the volume and weight is apinately by 50% and resulting in a stable product
that can be beneficial in agriculture, made comipgsa promising alternatie For achieving good
guality compost, environmental factors such as tratpre, aeration, moisture and nutrients should be
appropriately controll€d. Initial Carbon-to-nitrogen (C/N) ratio is one thie important aspects of the
total nutrient balance affecting compost quéity; Effect of initial C/N ratio on composting of engic
waste shows that 25-30 may be considered as tlimwptC/N ratio for pile compostifg™®. Initial
waste mixture with lower C/N ratio may consume kiglamount of oxygen which extended
composting process over a longer period. Furthezmower C/N ratio contains quantity of nitrogen in
excess to the amount than can be immobilized byriiceoorganism and thus may experience greater
nitrogen losses by ammonia volatilization duringnposting process

Higher C/N ratio would show a lower rise in tengtere, lower maximum temperature and shorter
thermophilic phase and its higher indigenous dleadtconductivity would pose a potential inhabibati

on plant growth, besides slower rate of organiceniait decomposition observ@d?. Assertions that
the only disadvantage for having a low C/N ratiothe loss of nitrogen did not hold well. The
degradation of organic materials can be acceletatedcreasing the C/N ratio to the optimum valye b
mixing with easily biodegradable carbonaceous camgs . Therefore, carbon availability plays a
major role in the initial C/N ratio. While degradimrganic compounds, microbes waste around 60 to
70% of the C as CQand incorporate (immobilize) only 30-40% of thein@ their body as cellular
components. However, limited investigations havenbmade on agitated pile composting of sewage
sludge in combination with cattle manure and sawbased on different C/N ratio.

Therefore, present study performed a comparativestigation of the agitated pile composting process
of sewage sludge mixed with cattle manure and satidufour different proportions based on C/N
ratios (15, 20, 25 and 30) with control. The stinigludes the dynamics of composting in terms of
physico-chemical analysis, biological analysis atability analysis.

MATERIALS AND METHODS

The compost materials: Sewage sludge, cattle manure and sawdust were fasgateparation of
different waste mixtures. Sewage sludge was cellbétom the sewage treatment plant of the Indian
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Institute of Technology Guwahati campus. The treainplant consists of aerated lagoon system with
two units; one unit is acting in stand-by mode fagaintenance purposes. However, this treatment
activity is considered to be secondary treatmeheréfore, the sludge procured from the treatment
plant is called as secondary sludge. Fresh catileune was obtained from nearby Amingaon village.
Sawdust was purchased from the nearby rice millsawdmill, respectively. The compost material was
prepared by mixing different proportions (C/N 18, 25 and 30; control) of the collected waste as

described infable 1

Table- 1: Waste compositionand initial characteristics of waste materials

Reactors/Parameters Waste materials (kg)

Sewage sludge| Cattle manurg Sawdust
C/N 15 130 16 4
C/N 20 104 39 7
C/N 25 98 39 13
C/N 30 87 45 18
Control 150 - --
Moisture content (%) 34.16+2.03 80.77+0.04 10.2360.
pH 6.03+0.01 6.61+0.07 6.16+0.01
Electrical conductivity (dS/m) 2.77+0.01 3.28+0.21 0.39+0.01
Ash content (%) 61.54+0.32 29.88+3.85 2.41+0.05
Total organic carbon (TOC) (%) 21.37+0.18 38.9642.1 | 54.22+0.03
Total nitrogen (%) 1.91+0.22 1.47+0.20 0.40+0.02
Nitrate Nitrogen (N@N) (%) 0.006+0.004 0.045+0.036 ND
Ammonical Nitrogen (N#N) (%) 1.47+0.04 0.54+0.02 0.05£0.02
Total phosphorous (%) 4.99+0.29 4.29+0.26 1.69+0.36
Available phosphorus (%) 1.75+0.09 2.76x0.12 0.9860
C/N ratio 11.19+1.21 26.44+2.50 135.88+7.2%
Sodium (Na) (g/kg dry matter) 1.03+0.28 0.94+0.12 .5580.09
Potassium (K) (g/kg dry matter) 4.83+0.35 6.17+0.19 | 1.95+0.05
Calcium (Ca) (g/kg dry matter) 2.03+0.34 1.55+0.21 | 0.80+0.17
Iron (Fe) (g/kg dry matter) 1.18+0.29 6.61+0.32 920.08
Nickel (Ni) (mg/kg dry matter) 278.0+£19.3 231.5+41. 221.5+£23.5
Chromium (Cr) (mg/kg dry matter) 198.5+0.4 89.2+0.2 124.5+0.5
Manganese (Mn) (mg/kg dry matter) 355.3+23.0 49671% 148.5£19.5
Cadmium (Cd) (mg/kg dry matter) 37.0£2.8 51.546.3 8.084.3
Copper (Cu) (mg/kg dry matter) 174.5+£10.5 45.5+9.0 37.5+6.5
Lead (Pb) (mg/kg dry matter) 130.1+8.0 80.5+5.8 .058.5
Zinc (Zn) (mg/kg dry matter) 967.2+23.3 124.3+11.5 | 101.9+£17.3
Chemical oxygen demand (COD) (mg/L) 692.5+21.8 355.1 1196.8+10.3
Biochemical oxygen demand (BOD) (mg/L) 278.4+146 | 352+11.2 731.4+15.7
CO; evolution (mg/g VS/day) 12.1+£0.5 17.6£0.5 10.8+0.1
Oxygen uptake rate (OUR) (mg/g VS/day) 17.9+0.2 821.3 12.5+0.7

*ND- Not detected
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Agitated pile composting: Different waste combinations were formed on agitapile technique
during the autumn season on an open site; whifdised into trapezoidal piles (length 2740 mm, base
width 500 mm, top width 75 mm and height 310 mmyitg length to base width (L/W) ratio of 5.5.
Agitated piles contained approximately 150 kg dfedlent waste combinations and were manually
turned on 3, 6, 9, 12, 15, 18, 21, 24, 27 and 3@.daomposting period of total 30 days was decided
for agitated pile composting. The samples from gilies were collected after mixing the whole pile
thoroughly by hand; when the piles was made (0 ;da§@s were turned. Triplicates homogenized
sample was collected from three different locatiwithin the piles and stored afG for biological
analysis of the wet samples within 2 days. Thesarhples were air dried immediately, ground to pass
through 0.2 mm sieve and stored for physico-chemaicalysis.

Experimental analysis: Temperature was monitored every 6 h using a digiedmometer throughout
the composting period within the agitated pilehagé different locations, i.e. at its middle andsitwo
ends and the mean of the readings was reportedtieicontent (MC) was determined from weight
loss of compost sample (1Wbat 24 h). Each sub-samples was analyzed forolteing parameters:
pH and electrical conductivity (EC) (1:10 w/v wasteater extract with pH and EC meters); volatile
solids/organic matter (loss on ignition at 550°CQ fb h), total nitrogen using Kjeldahl method,
ammonical nitrogen (NHN) and nitrogen (N®N) using KCI extraction, available and total
phosphorus (acid digest) using the stannous cllaméthod, potassium, sodium and calcium (acid
digest) using flame photometry and trace elemeéitsdd, Cu, Zn, Mn, Cr and Pb) (acid digest) using
atomic absorption spectrometer.

The biodegradable organic matter was measuredabdrical oxygen demand (BOD) by the dilution
method® and chemical oxygen demand (COD) by the dichremagthod® . The oxygen uptake rate
(OUR) and CQ@ evolution were performed according to the methescdbed by Kalamdhad et ‘4l.
The CQ and OUR test values were used to determine thdté%maturity index on a scale of 1-8,
which represents the stability level of the compashple¥.

All the results reported are the means of thretaagps. Analysis of variance (ANOVA) and Tukey'’s
HSD (Honestly Significant Difference) test were dises a post-hoc analysis to compare the means
using Statistica software to determine any sigaiftcdifferences among the parameters analyzed for
different sets of experiment.

RESULTS AND DISCUSSION
Physico-chemical analysis

»  Temperature and moisture content

The temperature indicates the biological procetsdng place during composting process and plays a
selective role on evolution and succession of mhiological communities. The variation in mean
temperature of composting material with time isistrated inFig. 1. C/N 30 recorded the highest
maximum temperature (54.5°C) oA May among the temperature regimes of all C/N satind
control, indicating quick establishment of micrdbgctivities. Rapid rise in temperature at the
beginning of composting is attributed to highertem of easily biodegradable cattle manure coupled
with the presence of sawdust. C/N 15, 20, 25 amtrcbwith initial temperatures (27.5, 30.6, 35rida
24.3°C, respectively) reached maximum temperatd®$, 49.5, 51.8 and 36.4°C respectively,
afterwards reduction was observed until the entth@fcomposting process. Control and C/N 15 and 20
showed lower maximum temperatures than others neagug higher proportion of sewage sludge
indicates that sewage sludge without appropriatenaiments is less favorable for growth and
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biological activity of microorganisms. After Tay, when cooling phase started the degradation is
mainly carried out by actinomycetes and fungus ttuenineralization of complex organic matter,
because they degraded at low temperature alsthédtompaosting pile attained ambient temperature at
30 days indicating a good degree of stability.

Moisture loss during the composting process cavidged as an index of decompaosition rate, since the
heat generated during decomposition leads to vaatiii® . Optimum moisture content is required for
organisms to survive. Initial moisture content wé&fe9, 68.0, 64.9, 62.3 and 66.8% and reduced to
51.0, 49.4, 46.7, 43.3 and 53.6% within 30 dayashposting period in C/N 15, 20, 25, 30 and contral,
respectively Table 2). On analyzing the results by ANOVA, the decremseoisture content varied
significantly between the day®  0.05). Highest moisture loss occurred in C/N 30.8%) and it
correlated with the higher temperature profile dl@G0. Leachate formation was not observed during
the composting period.

e pHandEC

Initially pH was observed to decrease for all th&l €atios in 3-4 days but later increased to almost
neutral after 30 days of composting period. Thaicddn in pH may be due to G@nd organic acids
produced during microbial metaboli¥m As composting proceeds, the organic acids become
neutralized and compost material tends toward &raiepH'’ . Similar observations were found in all
CIN ratios; as pH reduced during the initial 6 dafter increased gradually up to 7.76, 7.35, 7738

and 7.62 in C/N 15, 20, 25, 30 and control, respelst (Table 2). Significant differences in pH were
observed between the C/N ratios including controk (0.05). Aeration tends to decrease,@&¥el in

the compost, which in turns will tend to increastand also prevents the anaerobic conditfons

The EC value reflected the degree of salinity & ¢ompost, indicating its possible phytotoxic/ mhyt
inhibitory effects on the growth of plant if apglieo soif® . High initial EC values in composting
biomass are due to release of ammonium ions. Tlailization of ammonia and the precipitation of
mineral salts are the possible reasons for theedsed EC at the later phase of compoStingor the
improvement of agricultural soils, the acceptalaieel of EC required in compdStshould be lower
than 4 dS/m. Composts of C/N 25 and 30 approacbeitheé desired EC values after 30 days of
composting Table 2). The high final EC values observed in C/N 15,a2@ control may be due to
higher concentration of sewage sludge as compar€iN 25 and 30, which are not suited for better
compost and also unsafe for plant use. On analyhiegesults by ANOVA, EC varied significantly
between the C/N ratios including contrBi<€ 0.05).

e Ash content and TOC

The contents of ash increased with composting viitle about 17.8, 22.7, 24.8, 27.5 and 15.9 for C/N
15, 20, 25, 30 and control, respectively, owingthie loss of organic matter through microbial
degradation (Table 2). The decrease in organicemayinchronized with an increase in the ash mass of
the waste mixtures. The loss of organic matter aasut 35% in C/N 30, which contained a greater
amount of cattle manure in comparison with othéd @ftios and control, which indicated that inteesiv
decomposition was taking place during C/N 30. Thange in the total organic carbon (TOC) content
during the composting period is detailed in Tablel'de content of organic carbon decreased as the
decomposition progressed. Initially, the amount&tdl organic carbon were 25.4, 25.8, 27.6, 28® a
25.6%, which then reduced to 18.9, 17.1, 18.4, 48d717.5%, respectively, in C/N 15, 20, 25, 30 and
control. More than 33% of the available carbon iN @0, 25 and 30 were utilized by micro-organisms
as a source of energy in comparison with 25% in C&Nand control. Significant variations in ash
content and TOC were observed between the C/N sratiwluding control R < 0.05).
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Table- 2: Moisture content, pH, EC and ash contenduring composting over time

Days | Moisture content (%) pH

CIN 15 CIN 20 CIN 25 CIN 30 Control CIN15 CIN 20 CIN 25 CIN 30 Control
0 70.90+0.23a 68.04+0.70b 64.93+0.50c  62.30+0.25865.84+0.16e | 7.49+0.11a 7.36+0.23a 7.63+0.153 7.2680 | 7.49+0.12a
3 63.10£0.15a 61.80+0.80a 57.70£0.60b  58.00+0.65k8.3030.39a | 7.34+0.06ab 7.15+0.16ak 7.50+0.23a 0.22b 7.43+£0.09ab
6 60.00£0.09a 59.60+1.10a 56.80+£0.80b  56.50+0.44t2.1030.11c | 7.294+0.23a 7.04+0.29a 7.24+0.14a 6.870. | 7.43+0.31a
9 58.40+0.11ad| 60.00+0.90a¢ 57.40+0.80d 54.90+0.949.50+£0.09c | 7.14+0.09ab 7.14+0.19ah 7.37+0.16ab 98i#6.15ab | 7.46%0.14a
12 57.20+0.04a 58.97+1.30b 56.00+£0.38a  53.30+0.4630.70+0.13d | 7.04+0.05a 7.291£0.23a 7.20£0.234 7.2880 | 7.39+0.05a
15 56.30+0.07a 57.40+0.70a 54.30+0.65b  52.04+0.048.80+0.04d | 7.27+0.04a 7.11+0.26a 7.19+0.22a 7.2%e0 | 7.42+0.17a
18 54.70+0.12ac| 56.00£1.10a 53.60+0.63c  50.80+0.1H8.40+0.03d | 7.36+0.13a 7.27+0.16a 7.26+0.143 D248 7.41+0.11a
21 54.00+0.06a 54.80+0.90a 51.80+0.70b  48.90+0.6E7.00+0.22d | 7.41+0.07a 7.25+0.17a 7.20+0.234a 7.34£0 | 7.46+0.08a
24 52.50+0.10a 52.50+0.70a 48.90+0.50b  46.00+£0.255.00+0.18d | 7.58+0.03ac 7.29+0.10bd 7.17+0.12d #4APbc | 7.52+0.01bc
27 51.70+0.13a 51.00£0.60a 48.60+0.60b  45.80+0.06x3.90+0.10d | 7.64+0.01a 7.31+£0.20b 7.37£0.09ab nE@ab | 7.55+0.05ab
30 51.01+0.01a 49.40+0.60a 46.70+£1.29b  43.30+1.5®&S3.60+0.07d | 7.76+0.09a 7.35+0.13bg 7.38+0.12¢c 072ka 7.62+0.07ac

EC (dS/m) Ash content (%)
0 3.49+0.12a 3.60+0.20ac 2.47+0.044 3.13+0.02d R.1R2c 54.13+0.03a 53.54+0.10b 50.30+0.20¢ 47.990D.| 57.50+0.23e
3 2.9340.00a 2.83+0.12a 2.09+0.03h 2.58+0.06a K[ SR 55.49+0.12a 56.20+0.30b 50.96+0.13¢ 49.4@D.1 60.19+0.35e
6 3.16+0.07a 3.23+0.05a 2.13+0.12h 2.9040.09c K3[(12509) 58.63+0.04a 60.30+0.20b 56.60+0.47¢ 53.7#l1.2 61.70+£0.09b
9 3.87+0.02a 4.53+£0.11b 2.54+0.10¢ 3.53+0.01d NiMBe 59.77+0.15a 64.24+0.08b 57.40+0.03c 55.6@#D.5 62.66+0.13e
12 3.91+0.21ad 4.83+0.12b 3.73+0.05ad 2.63+0.12c 24+0.13d 60.90+0.11a 65.82+0.02hc  59.60+0.11a 54.46d | 65.68+0.28b
15 4.13+0.14ae 4.60+0.07b 3.86+0.07¢ 2.81+0.09d 4+0.38e 61.97+0.04a 66.02+0.03b 60.50+0.02ac 528@t | 64.70+0.19b
18 4.21+0.05ae 4.66+0.06b 3.97+0.11¢ 2.80£0.02d 7#035e 63.20+0.14aq 67.33+£0.10b 61.98+0.05a 6@.80A | 65.69+0.05!
21 4.29+0.08ae 4.60+0.09b 3.69+0.01¢ 2.69+0.03d 4+#0401e 63.89+0.10a 68.10+0.02b 63.96+0.03ac 62.B1a | 66.70+0.11l
24 4.20£0.10a 4.47+0.10a 3.54+0.02k 2.56+0.23c #0324a 64.50+0.04a 68.80+0.09b 65.70+0.17p 64.6@3#l.| 67.82+0.09b
27 4.19+0.04a 4.29+0.08a 3.49+0.08k 2.43+0.18c +#03Ba 65.30+0.04a 69.13+0.01b 66.10+£0.01p 65.62#1.] 68.10+£0.12b
30 4.351£0.01ace| 4.21+0.04ac 3.43+0.04b 2.31+0.14d .46+0.03e 65.82+0.11a 69.28+0.13¢ 66.90+0.03ab 0a&4.26a | 68.39+0.08!

Mean value followed by different letters in columastatistically different (ANOVA; Tukey'’s tes®, < 0.05)
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Fig. 1: Temperature variation during C/N 15, 20, 25, 30 ematrol experiments

« Nitrogen dynamics

Table 3 shows the time course of the total nitrogen caimgjsof inorganic forms of nitrogen (NFN

and NQ-N). Total nitrogen content in sewage sludge waghér than other composting materials.

Hence, initial total nitrogen content of C/N 15 aswhtrol containing higher amount of sewage sludge
was higher than other C/N ratios. The initial totdtogen contents in all C/N ratios were in thaga

of 0.98-1.79%. Higher percentage increase was wbden C/N 30 (57.5) as compared to other C/N
ratios and control. Total nitrogen increased withgitated pile composting due to the net loss gf dr

mass in terms of CQluring oxidization of organic matter.

The changes in concentration of NN and NQ-N in all trials followed the general trend during
composting. During the composting processNHoncentration decreased from 0.73-0.80% to 0.05-
0.31% in all C/N ratios and control dble 3). Higher initial NH,-N concentration could be due to the
conversion of organic nitrogen to Nl through volatilization and immobilization by miorganisms
(Huang et al. 2004). It has been noted that theratgsor decrease in MM is an indicator of both
high-quality compost (Hirai et al. 1983). DHN concentration of 0.04% recommended as the maximu
content in matured comp@t In this context C/N 30 provided better compostaspared to other
C/N ratios and control. Initial nitrate is almodisant in the cattle manure and sawdust but higher
concentration is prevalent in sewage sludge.

Nitrification, as detected by the formation of NN, occurred only when the temperature of the
material was below 4@, as the intensity of the process being dependerh® quantity of NN
available to the nitrifying bacteria. The concetira of NO;-N was almost nil during the first six days,
due to inhibition by excessive amount of ammonihae high temperature and excessive amount of
ammonia inhibited the activity and the growth dfifing bacteria in the thermophilic ph&ée This
seems to suggest that organic nitrogen mineradizat the limiting step in nitrification since such
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mineralization was extremely low during the lasagd of composting, when the supply of ammonium
available to the nitrifying bacteria would have beeduce® . Therefore, a slight increase was
observed in N@N concentration all C/N ratios especially in C/N &t the later phase of composting
(Table 3). Significant differences in total nitroageNH,-N and NQ-N were observed between the C/N

ratios including controlR < 0.05).

Table- 3: Nitrogen dynamics during composting over time

Days | Total nitrogen (%)
CIN 15 C/N 20 CIN 25 C/N 30 Control

0 1.62+0.21a 1.29+0.14b 1.09+0.02b 0.98+0.00b 10

3 1.63+0.13a 1.20+0.19b 1.05+0.03b 1.12+0.07b 10712a

6 1.51+0.09a 1.21+0.07b 1.17+0.07b 0.95+0.04c 10618a

9 1.57+0.47a 1.30+0.21a 1.29+0.02a 1.10+0.10a D.00a

12 1.62+0.18a 1.28+0.25ab 1.14+0.09b 1.28+0.02aly 72+0D.21a

15 1.60+0.30a 1.21+0.29a 1.37+£0.13a 1.34+0.00a +0.89a

18 1.68+0.23ac 1.27+0.18b 1.45+0.04abhd 1.35+0.02b¢ 1.80+0.08a

21 1.66+0.15ac 1.27+0.23b 1.36+0.11ab 1.35+0.08aly .80+D.04c

24 1.86+0.33a 1.32+0.11b 1.38+0.01b 1.38+0.04b AN9ba

27 1.91+0.28a 1.32+0.08b 1.34+0.05b 1.41+0.02b MNIVa

30 1.92+0.17a 1.31+0.15b 1.45+0.04b 1.54+0.09b HNDba
NH4-N (%)

0 0.75+0.11a 0.77+0.01a 0.79+0.02a 0.80+0.09a 0.73a

3 0.69+0.07ab 0.66+0.02ab 0.61+0.03a 0.75+0.07b 1+0.D5ab

6 0.61+0.09c 0.57+0.04abg  0.54+0.01ac 0.43%0.02aly .65+0.06¢c

9 0.56+0.25ab 0.51+0.02ab 0.51+0.05ab 0.29+0.01a| 60+0.02b

12 0.49+0.13a 0.55+0.25a 0.27+0.05a 0.21+0.04a +0.87a

15 0.37+0.03ab 0.27+0.06ab 0.21+0.07a 0.27+0.12ab .4540.05b

18 0.26+0.08abcd 0.19+0.05ad 0.17+0.01abd 0.1740.04 | 0.34+0.07c

21 0.23+0.03a 0.18+0.01a 0.14+0.03a 0.14+0.01a +0.8Zb

24 0.18+0.02a 0.13+0.02a 0.13+0.02a 0.12+0.00a +0.P8b

27 0.16+0.01a 0.10+0.02a 0.10+0.02a 0.08+0.01a +0.89b

30 0.14+0.01a 0.12+0.01a 0.10+0.04ab 0.05+0.01b 1+0.83c
NOs-N (%)

0 ND ND ND ND ND

3 ND ND ND ND ND

6 ND ND ND ND ND

9 0.000+0.006a 0.000+0.000a 0.002+0.001ab  0.0002a1® | 0.011+0.007b

12 0.018+0.008ac 0.008+0.000p 0.070+0.010pb 0.09P0l 0.030+0.005¢

15 0.050+0.005ac 0.020+0.010a 0.092+0.020hd 0.1006d 0.058+0.002¢c

18 0.068+0.006a 0.050+0.010a  0.130+0.030b 0.15@6m.0 | 0.060+0.018a

21 0.119+0.012ab 0.060+0.020a  0.150+0.020b 0.17660. 0.100+0.011ab

24 0.112+0.010ac 0.090+0.030p 0.171+0.030pc  0.20260 0.127+0.025ac

27 0.149+0.008ab 0.110+0.050a 0.215+0.015p 0.2026b. 0.135+0.037ab

30 0.168+0.012abc| 0.130+0.020m 0.205+0.040bc  0@B1tc 0.148+0.040ab

Mean value followed by different letters in columastatistically different (ANOVA; Tukey's tes®, <
0.05yND-Not detected

e Phosphorus

Phosphorous content gradually increased duringctimaposting process. The water solubility of
phosphorous decreased with the humification. Prarspis solubility during the decomposition was
subjected to further immobilization by the compastelerator microorganisms.
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Table- 4: TOC, Total phosphorus and Available phosphorus durinmgpamsting over time

Days | TOC (%)

CIN 15 CIN 20 CIN 25 CIN 30 Control
0 25.48+0.02a 25.81+0.06b 27.61+0.11¢ 28.89+0.03d 3.6120.13e
3 24.73+0.07a 24.33+0.17b 27.24+0.07¢ 28.11+0.06d 2.122¢0.19¢e
6 22.98+0.02a 22.06+0.11b 24.11+0.26¢ 25.72+0.68d 1.28*0.05b
9 22.35+0.08a 19.87+0.04b 23.67+0.02¢ 24.67+0.29d 0.7420.07e
12 21.72+0.06a 18.9940.01b¢  22.44+0.06 24.22+0.64d9.07+0.16b
15 21.13+0.02a 18.88+0.02b 21.94+0.0lac  23.17+1.16d9.61+0.11b
18 20.44+0.08ac 18.15+0.06b 21.12+0.03 21.89+1.2849.06+0.03bc
21 20.06+0.05a 17.7240.01b 20.02+0.02ac  20.50+1.2848.50+0.06bc
24 19.72+0.02a 17.33+0.05b 19.06+0.09a 19.67+0.964.7.88+0.05b
27 19.28+0.02a 17.15+0.01b 18.83+0.01a 19.11+0.904.7.72+0.06b
30 18.99+0.06a 17.07+0.07c 18.39+0.02ab  18.78+0.8147.56+0.04bc

Total phosphorus (%)
0 2.81+0.08a 2.70£0.13a 1.85+0.13b 2.98+0.114 Db
3 2.25+0.01a 2.29+0.11a 2.06+0.23a 2.45+0.093 2.16a
6 1.96+0.41a 2.12+0.21a 2.21+0.18a 3.03+0.094 DEBA
9 1.97+0.01a 1.77+0.17a 2.704£0.12b 3.69+0.13¢ D8Ra
12 1.92+0.03a 1.80+0.11a 2.70+0.21b 3.2940.044 #D9Fa
15 1.70+0.04a 1.82+0.23ab 2.78+0.07c 3.41+0.07d  3#DM5b
18 1.76+0.01la 1.93+0.21ab 2.78+0.12c 3.91+0.05d 8#D10b
21 2.30+0.01a 2.43+0.16a 3.32+0.03b 4.56+0.08( #PA4AFa
24 2.88+0.30a 3.52+0.24b 4.06+0.04b 4.62+0.01¢ M PPa
27 2.66+0.06a 2.434+0.23a 3.50+0.14b 4.56+0.04q A4 a
30 3.23+0.19ac 3.52+0.21a 3.97+0.16b 4.62+0.08d 8+BM9c

Available phosphorus (%)
0 0.89+0.41ab 0.89+0.41ab 0.89+0.41ab 0.89+0.41ab.89+0.41ab
3 1.06+0.01a 1.06+0.01a 1.06+0.01a 1.06+0.01a 0.08a
6 1.23+0.15ac 1.23+0.15ac 1.23+0.15a¢ 1.23+0.15ac .23+0.15ac
9 1.52+0.12a 1.52+0.12a 1.52+0.12a 1.52+0.123 0824
12 1.68+0.12a 1.68+0.12a 1.68+0.12a 1.68+0.12a +0.62a
15 1.80+0.14a 1.80+0.14a 1.80+0.14a 1.80+0.14a +0.8@a
18 2.06+0.03a 2.06+0.03a 2.06+0.03a 2.06+£0.03a 1+P.08a
21 2.19+0.02a 2.19+0.02a 2.19+0.02a 2.19+0.02a 1+P.0%a
24 2.14+0.07a 2.14+0.07a 2.14+0.07a 2.14+0.07a 1P.07a
27 2.2610.01a 2.261+0.01a 2.261+0.01a 2.26+0.01a +P.Pda
30 2.29+0.01a 2.29+0.01a 2.29+0.01a 2.29+0.01a +P.P3a

Mean value followed by different letters in columnsds statistically different (ANOVA; Tukey’s test, P < 0.05)

The change of total and available phosphorus wighadual increase throughout the composting period
(Table 4), which was due to the net loss of dry mass asdée® of organic carbon, hydrogen, nitrogen
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and oxygen from piles as GOH,S and HO during composting. Final total phosphorus of G0l
(4.62%) was higher than C/N 15 (3.23%), C/N 20 2363 C/N 25 (3.97%) and control (3.08%),
indicating the higher microbial activities during\NC30 resulting in more mineralization as compated
others C/N ratios. Similar observations were fotordavailable phosphorus. On analyzing the redats
ANOVA, total and available phosphorus varied sigiaiftly between the C/N ratios including contrigl (
< 0.05).

e Nutrients(Na, K, Ca, and Fe)

Table 5illustrates the concentration of the macronutsenamely total K, Na, Ca and Fe in all C/N
ratios including control throughout the compostipgcess. These nutrients are used as mineral
fertilizers in the compost. All C/N ratios showedsanilar pattern of changes in macronutrients.
Macronutrients K, Na, Ca and Fe were graduallydase till the end of the composting due to due to
the net loss of dry mass. C/N 30 showed greatemuataf the three macronutrients except sodium
throughout the composting process comparison witiers could be due to higher amount of cattle
manure coupled with sewage sludge which represemtparatively higher concentration of nutrients.
On analyzing the results by ANOVA, significant @ifénces in macronutrients were observed between
the all C/N ratios including controP(< 0.05).

* Tracee€eements

The total concentrations of regulated trace eleméxit, Cd, Cu, Zn, Mn, Cr and Pb) in compost are
shown inTable 6 and 7 Most of the elements are actually needed by gl&ot normal growth,
although in limited quantities. Certain trace elatseare not biodegradable and become toxic at some
concentration; therefore, measuring the conceotraf these elements can provide fertilizer
requirements of plants. The increase of total metattent was due to weight loss in the course of
composting following organic matter decompositioejease of Cg water and mineralization
processe$ . The total metal contents of final compost of @IN ratios including control were low
(except Cadmium) and are considered as soil fastilconditioner with good quality according to the
standards to ensure safe application of compodt dawn in Municipal Waste Management and
Handling Rules notified by the Ministry of Enviroemt and Forest, Government of Irfdiaand
Canadian Council of Ministers of the EnvironnféntSignificant differences in trace elements were
observed between the all C/N ratios including aar(f? < 0.05).

STABILITY AND BIOLOGICAL ANALYSIS

e C/Nratio

The change in the C/N ratios reflects the organatten decomposition and stabilization achieved
during composting. The decomposition of organicteras brought about by living organisms, which
utilize the carbon as a source of energy and ttregan for building cell structur€s Therefore,
continuous decrease was observed during all C/Nsréig. 2). Significant differences in C/N ratio
were observed between the C/N ratios includingrob(® < 0.05). If the C/N ratio of compost is more,
the excess carbon tends to utilize nitrogen insihieto build cell protoplasm. This results in lasfs
nitrogen of the soil and is known as robbing ofagen in the soil. If on the other hand the C/Norat
too low the resultant product does not help imprthe structure of the soil, hence it is desirable t
achieve optimum C/N ratio for prepared compost.hidigreduction in C/N ratio was observed in C/N
30 (58.7%) as compared to other C/N 15 (36.9%), @0N(34.9%), C/N 30 (50.0%) and control
(32.5%); indicated higher degradation in C/N 30.
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Table- 5 Variations in macronutrients during compostingotime

Days| Sodium (g/kg) Potassium (g/kg)
C/N 15 CIN 20 CIN 25 C/N 30 Control CIN 15 C/N 20 CIN 25 C/N 30 Control
0 2.19+0.16a | 2.07+0.38a 1.95+0.43a 1.78+0.62a DB8A | 6.19+0.60a 6.54+0.52a 6.90+0.333b  7.81+0.196.41+0.28a
6 2.68+0.35a | 2.47+0.17ab 2.11+0.08ab 1.96+0.55ab 68+D.34b | 6.76+0.31a 7.08+0.21a 7.16+0.26ab  8.16@40.5 6.97+0.53a
12 2.95+0.31a | 2.68+0.23a 2.44+0.30ab 2.27+0.28ab 79+0.45b | 7.14+0.47a 7.79+0.32a 7.86+0.38ab  8.9940.§ 7.25+0.13a
18 3.24+0.19a | 2.93+0.10ab 2.69+0.25ab 2.51+0.37bc.944D.16¢c | 7.91+0.19a 8.25+0.48ah 8.39+0.25ab  9.7@&K0 | 7.98+0.09a
24 3.67+0.58a | 3.16+0.52ab 2.80+0.23ab 2.77+0.14ab.284R.33b | 8.22+0.35a 8.68+0.63ah 8.82+0.37ab  9.%&H0 | 8.23+0.42a
30 3.94+0.34a | 3.45+0.47ab 3.13+0.39ahjc = 2.95+0.24p2.40+0.22c | 8.96+.28a 9.11+0.44a 9.37+0.26ab  10.26H0| 8.60+0.354
Calcium (g/kg) Iron (g/kg)
0 3.35+0.34a | 3.71+0.45a 3.06+0.27a 2.94+0.60a 89%Pa | 5.30+0.05a 6.32+0.14b 7.90+0.060 8.67+0.26d.3918).19¢e
6 3.78+0.51a | 3.94+0.63a 3.24+0.55a 3.77+£0.17a LU7a | 6.09+0.08a 7.35+0.03b 8.99+0.020 9.23+0.09c.15+0.17d
12 4.12+0.19a | 4.41+0.81a 4.27+0.43a 4.18+0.58a +0.69a | 7.96+0.13a 8.82+0.09b 9.89+0.110 10.67+0.04d65+0.05e
18 5.09+0.68a | 4.98+0.72a 4.95+0.67a 4.92+0.81a +D.B7a | 8.45+0.20a 9.62+0.20b 10.75+0.06c  12.32+D.15.56+0.18e
24 5.91+0.71a | 5.83+0.48a 5.76+0.38a 5.18+0.66a +0.82a | 9.47+0.39a 10.18+0.154 12.86+0.02b  14.22#0)67.00+0.05d
30 6.58+0.24a | 6.91+0.54a 6.14+0.19a 6.80+0.35a #6.62a | 10.64+0.31la 11.80£0.16b 13.60+0.09c  15.D&eD) 7.49+0.14e

Mean value followed by different letters in columnds statistically different (ANOVA; Tukey’s test, P < 0.05
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Table- 6: Variations in trace elements (Nickel, Cachium, Copper and Zinc) during composting over time

Days | Nickel (mg/kg) Cadmium (mg/kg)
CIN 15 CIN 20 CIN 25 C/N 30 Control CIN 15 CIN 20 CIN 25 CIN 30 Control
0 259.5+2.0a | 232.845.8b 215.8+3.3¢ 200.5£3.0d 2308d 37.8+0.8a 50.8+0.8b 48.3+0.8c 53.3+0.8d 3.6
6 267.0x2.5a | 246.3+3.3b 227.0%4.0¢ 206.5+5.0d 2308 40.8+0.8a 54.0+0.5b 51.5+1.0c 56.5+1.0d 32.3=
12 279.8+0.8a | 260.8+6.3b| 241.5+2.0¢ 211.8+4.8d (@525bc 43.8+0.8a 56.3+1.3b 52.5+0.5¢ 60.5+£1.5d 84883e
18 289.3+5.8a | 273.0+6.5b| 249.3+1.8¢ 220.8+1.3d &%/3c 46.0+0.5a 58.3+0.8b 58.0£1.5b 67.8+1.8¢ 4hR
24 305.5+3.0a | 281.5+3.0b| 258.8+4.8¢ 229.0+2.5d (@&35b 48.8+0.8a 60.0+1.5b 63.5+1.0c 71.0+0.5d H0@a
30 317.5+7.0a | 297.8+3.8b| 273.0+3.5¢ 240.0+4.5d  3BB8b 53.8+1.3a 65.5+£1.0b 66.5+1.0b 73.5%1.0¢ 563
Copper (mg/kg) Zinc (mg/kg)
0 203.8+1.3a | 193.5+4.0b 190.8+1.3K 169.0+1.5¢c H395) 1020.5+9.0a 937.0+1.5b 845.3+1.3c 719.8+1.8d.223.3+6.8e
6 215.3+1.8a | 213.0+3.5a 203.3+1.3b 175.3+2.3c Y230 1151.8+3.8a 984.8+2.3b 877.5+2.0c 766.8+2.3d.260.8+3.8e
12 229.8+2.8a | 221.3%4.3b| 215.0+2.5b 181.3+0.8c  3H863d 1199.5+5.0a 1102.3+£6.3b 908.8+0.8c 790.5%1.01290.8+£1.3e
18 240.5+1.0a | 239.0+3.0a 230.3+0.8b 195.542.0c  3#A03d 1239.8+2.3a 1130.5+2.0b 949.8+1.3c 812.8+1.8 1348.0+3.5e
24 246.5+2.0a | 247.8+3.3a 238.8+1.8h  205.3+4.3c  (QwM45d 1293.5+6.0a 1184.3+4.3b 985.8+1.3c 821.542.01384.8+£3.8e
30 254.8+1.3a | 262.5+4.0b| 248.0+1.5¢ 218.3+1.3d  8H0r3e 1339.8+4.3a 1217.0+£2.5h 1029.5+4.0c 831%#2.| 1423.3+4.3e
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Table- 7: Variations in trace elements (Manganes&hromium and Lead) during pile

Composting

Days | Manganese (mg/kg)

CIN 15 CIN 20 CIN 25 C/N 30 Control
0 480.045.0a 502.5+12.5h  390.0+5.0c 337.5+7.5d BZ0d
6 512.5+2.5a 537.5+£7.5b 405.0+5.0c 377.5+2.5d IV
12 577.5+7.5a 587.5+7.5a 457.5+7.51 397.5+7.5C 5382.5¢
18 640.0+10.0a 610.0+£5.0b 500.0+5.0¢ 417.5+2.5d .C¥H0e
24 697.5+7.5a 682.5+7.5a 567.5+7.50 437.5%7.5¢C 04B00d
30 727.5%7.5a 717.5+7.5a 600.0+5.00 500.0+5.0¢ 54275d

Chromium (mg/kg)

194.0+2.5a 190.3+3.3a 172.5+3.0h 169.0+2.0b 13458
6 199.8+2.8a 196.0+1.5a 181.3+2.3b 174.8+0.3c 13188
12 212.5+2.0a 202.5+£1.0b 186.0+1.0¢ 193.5+4.0d 8He38e
18 229.3+2.3a 213.8+4.3b 194.5+2.0¢ 200.3+4.3c 5H280d
24 233.3+5.8a 226.3+3.3a 204.3£2.3h 206.0+4.0b 8H53c
30 258.0+3.5a 234.8+2.8b 217.3+3.3c 228.3+3.3b 8H928d

Lead (mg/kg)
0 215.5+2.0a 268.5+4.0b 297.3+3.8¢ 289.0+1.5d HA0Ce

248.3+8.3a 313.848.3b 324.5+£3.0b 296.8+2.8c 2R
12 275.0+3.5a 362.84£5.3b 353.345.8h 311.3+1.3c 2308d
18 307.5+4.0a 393.0+4.5b 395.8+1.3h 333.3+£3.8¢ @505d
24 352.3+2.8a 412.0+£10.5h  419.5+1.04 368.5+12.0a 8.522.0c
30 399.545.0a 476.8+4.8b 467.8+4.8b 452.5+3.0c &3193d
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Table- 8: Soluble BOD and COD during composting ovetime

Days Soluble BOD

CIN15 CIN 20 CIN 25 CIN 30 Control
0 996.95+6.18a 894.27+3.66b 789.75+2.40¢ 905.14#3.1| 1040.16+4.67d
3 846.85+5.33a 762.23+4.28b 636.90+£3.21¢ 647.82£2.7| 897.49+9.84d
6 723.14+4.51a 629.05+8.39b 554.25+1.58c  462.9%8¢B.2| 794.84+10.67e
9 576.05+5.06a 512.90+£7.31b 428.92+5.66¢ 330.9744.6| 600.71+1.64e
12 488.09+3.89a 402.40£3.52b 308.65+4.48c 194 @&tB. | 577.13+£6.49¢
15 399.75+4.48a 278.05+6.46b 205.80+6.77c 103.%&t1. | 491.51+5.71e
18 320.20+7.21a 206.01+4.12b 125.82+4.66c 46.093t1.8 | 474.381£6.94e
21 224.05+5.13a 147.87+£3.61b 77.85%£1.31c 46.35£B.47| 331.29+8.64e
24 209.96+4.71a 134.14+5.61b 60.25+4.26¢ 71.90+1.78| 303.64+9.79d
27 169.01+3.46a 123.80+1.68b 49.14+2.26¢C 64.1044.64| 240.16+6.13e
30 136.05+9.16a 88.851+5.57b 31.02+7.42c 46.15+3.61¢ 189.14+2.97d

Soluble COD
0 1463.01+7.33a 1392.10+4.49p 1287.05+6.26c 1438.492d | 1519.84+8.31e
3 1308.50+8.14a 1246.00+£3.84p 1217.90+7.55¢c 1186.@8d | 1440.3916.49¢e
6 1187.99+10.38a| 1129.05+7.80pb 1098.01+3.717c 1046.46d | 1291.17+4.63e
9 1196.00+9.13a 1088.96+3.08b 947.11+5.38c 916.7@t1 | 1307.45+10.87e
12 1053.01+4.52a 987.15+8.34b 912.0146.65¢ 831.98¢tb | 1188.37+3.09e
15 1021.98+9.85a 960.99+1.39b 846.01+4.62c 711.983 | 1149.11+4.35e
18 934.94+7.07a 875.98+3.40b 764.15+7.69c 647.80£5. | 1022.89+7.92e
21 744.00+6.89a 783.05+£2.09b 690.90+3.52c 594.3®b. | 1030.09+6.11e
24 633.98+9.14a 724.01+£7.43b 563.00+3.13c 506.7@b. | 990.41+6.57e
27 633.84+7.34a 685.05+4.32b 523.01+2.47c  497.83th. | 974.19+4.38e
30 618.01+6.88a 528.95+6.39b 504.04+3.45c  475.00+b. | 974.81+7.31e
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Fig. 3: CO, evolution of composting materials over time
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Fig. 4: Oxygen uptake rates (OURSs) of composting nterials over time

e CO, evolution and OUR

CO, evolution is the most direct technique of compsistbility because it measures carbon
derived directly from the compost being tested. sTI&Q evolution directly correlates to aerobic
respiration. The high CQOconcentrations indicate elevated microbial resipinaof the readily
available carbon in the composting mixture. There@se in the rate of GOevolution with
composting time is a result of a reduction in melahbactivity due to the decrease of readily avalda
carbon. The C@evolution rates decreased by 80.4, 85.2, 86.D, &id 66.8% after 30 days in C/N
15, 20, 25, 30 and control, respectively (Fig.T3)e result showing higher decrease with lower final
value of CQ evolution in C/N 30 indicated more stabilization @mpared to other C/N ratios and
control.

Oxygen uptake rate (OUR) is the most accepted rddthrathe determination of biological activity in
composts. It evaluates the amount of readily bicattaple organic matter still present in the sample
through its carbonaceous oxygen demand. Kalamdhate found OURs to be high in the active
stage of composting, as microbes grow rapidly frtigesting readily biodegradable substrate. As
composting begins, large organic molecules aredsralown to smaller, soluble ones and temporarily
more substrate may become available. Higher raipireates were observed in the beginning of the
composting in all C/N ratios especially in C/N 30edto availability of readily degradable cattle
manure with the sewage sludge and sawdust.

This was in agreement with lanndttiwhere OUR was found high in raw material when otiers
grow rapidly. The sharp decreased observed in/allr@tios correlated with the considerable drop in
temperature and moisture content. The OUR of Cii rE5, 20, 25, 30 and control decreased by
73.1, 75.4, 83.8, 93.8 and 64.6%, respectively. @igHigher decrease with lower final OUR value in
C/N 30 again enhances our finding indicating madeditity of C/N 30. The OUR dropped steadily
after the initial sharp decrease in all cases, avhiter the % week of composting the drop is
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moderate indicating the compost is approachinglgtaOn analyzing the results by ANOVA, GO
evolution and OUR were vary significantly betweba C/N ratios including controP(< 0.05).

The Solvita® maturity index was proved to be a goudicator for compost maturity and was more
useful at the end of the composting protesEhe Solvita® maturation index based on,@@olution
increased from 3 to 8 in all the experiments. Sa®iresults verified that the composts from all the
experiments enter into a well stable conditionraB@ days especially in C/N 30. While, Solvita®
maturation index based on OUR increased from 4itocgse of C/N 25 and 30; and increased from 5
to 7 in case of C/N 15, 20 and control experimehtgerefore, lower final COevolution and OUR
test values in C/N 30 indicated that more stablk lEghly mature compost without any limitations
can be produced from sewage sludge compostingvssring the @N ratio.

* Soluble BOD and COD

The percentage of readily biodegradable organidemas supposed to be an important aspect of
compost qualitf? . The composting process occurs until the totabarh of biodegradable organic
material is stabilized, which is odor free and agooor breeding substrate for flies and otherctsse
Even if the compost is stable, care should be takeits application to soil for crops since the
biological processes continue, which can stripsthieof its nutrient%.

The anaerobic condition brought about by the rafipin of biodegradable organic matter in the
compost is measured as BOD and COD. Soluble BOlesalecreased from 996 to 136 mg/l in C/N
15, 894 to 88 mg/L in C/N 20, 789 to 31 mg/L in (ZH, 905 to 46 mg/L in C/N 30 and 1040 to 189
mg/L in control; while, soluble COD values decrahfiem 1463 to 618 mg/L in C/N 15, 1392 to 528
mg/L in C/N 20, 1287 to 504 mg/L in C/N 25, 1438466 mg/L in C/N 30 and 1519 to 974 mg/L in
control within 30 days of composting. Table 8 shales rate of decrease of BOD is higher than that
of COD. Significant differences in soluble BOD a@®D were observed between the C/N ratios
including control P< 0.05). As the biological organic content is dirsived, BOD and COD are
decreased, resulting in decreased emission of @@mately indicating stabilization of the compos
Similar trend was also observed by Kalamdhad &t al.

CONCLUSION

The effect of C/N ratio was carried out in an agithpile composting for different C/N ratios (19, 2

25 and 30 including control) reveals that C/N 30duced more stable compost after 30 days as
compared to others, implying that rigorous decoritjmrswas occurred. Highest moisture loss during
C/N 30 justified the higher temperature evaluatiBeduction in pH was observed in all the C/N
ratios during 3-4 days but later increased to atmeatral. The high final

EC values observed in C/N 15, 20 and control magiu®eto higher concentration of sewage sludge as
compared to C/N 25 and 30, which are not suitecb&dter compost and also unsafe for plant use.
Higher percentage loss in NH4-N and TOC and hidimal phosphorus in C/N 30 concluded the
paramount waste combination of sewage sludgeeaatihure and sawdust. Higher reductions in C/N
ratio, CQ evolution, OUR, soluble BOD and COD in C/N 30 destoated the stability, resulting the
total biodegradable ingredients are stabilized; arolvitd maturity index of 8 indicated that the
compost was stable and ready for usage as a salltcmer.

Higher final concentration of nutrients and limitaesetal content suited the quality of compost
prepared from sewage sludge in combination witltlecahanure and sawdust. Therefore, it is
concluded that the pile composting of sewage slualg€/N 30 can produce stable compost as
compared to all other C/N ratios including control.
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