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ABSTRACT
The compost product enhances soil quality, lowers erosion, and aids in the reduction of plant diseases
without having a negative influence on the environment. The possibility for compost recovery from
organic waste, fruit waste, agricultural residues, domestic garbage, and animal manure was examined
in this study. These wastes are composted in a five-week aerobic -pile composting process. The
temperature, pH, moisture, electrical conductivity, carbon to nitrogen ratio (C/N-ratio), nitrification
index (NH4-N/NO3-N), and NPK (Nitrogen, phosphorous, and potassium) value of the finished
compost were all measured both during and after the composting process. These physio-chemical
characteristics and parameters that affected the composting process included temp., pH, moisture, and
electrical conductivity.The results revealed long - term negative impacts characteristics for moisture
content, electrical conductivity (reached 1.5-2.34 dS/cm), total organic carbon, C/N ratio (reached
17.3-13.5), and increase in nitrogen content per unit material for the more, with composting time the
nitrification index NH4+/NO3-ratio decreased by less than 0.5, as with overall increasing PH profiles.
pH-value varying from (4-8) during the composting process, and Gl values greater than 90 at the
conclusion of the composting period. The bio-pile R3 was found to be the most helpful for composting,
according to the data. It maintained the highest temperature for the longest period of time (52—60 oC),
then gradually dropped to ambient temperature, which is seen as a sign that the composting process
had ended and the finished compost was a mature and stable product.
Keywords: solid waste composting, C/N ratio, microorganisms, stable and mature, climate action,
responsible consumption and production
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INTRODUCTION

Massive levels of nonhazardous municipal
solid waste (MSW) production have increased
environmental and public health risks, as well
as economic and social issues (1,7).
Landfilling is the final disposal method most
frequently used. Landfills are solid waste
management facilities that pose significant
environmental dangers due to gas emissions
and the production of leachate, which have the
potential to contaminate the air, water, and
land (10, 33, 39). One of the most challenging
waste streams to dispose of in a landfill is the
organic portion of MSW, which accounts for
around 40% of the residential waste stream
and whose degradation results in landfill
leachate and methane emissions (26,30,34,35).
Municipal solid waste can easily be
transformed to energy sources through
composting thanks to the biodegradable
portion (27,36). Composting has consequently
grown in significance as a treatment method
for MSW's biodegradable organic fraction.
Any degradable substance can be composted
using a biological process that is
environmentally benign (6). Degradable
organic waste is transformed into a stabilized
product that can be used as a source of
nutrients and soil conditioner. Microorganisms
use the organic solid waste compounds in
composting as sources of carbon and nitrogen.
Microorganisms change leftover plant organic
matter into increasingly complex humic-like
substances by combining it with molecules of
microbial origin (32). The non-biodegradable
solid waste must be removed prior to the
composting process using a variety of
pretreatment techniques. First, the
biodegradable portion is treated. In order to
provide the ideal circumstances for
composting, the first step in the composting
process, known as pre-processing, entails
eliminating undesirable material and size
reduction, modifying moisture content, adding
bulking agents, and mixing organic waste
material. In the second stage, known as the
high-rate phase, microorganisms break down
complex organic matter into simple organic
matter and minimize biodegradable volatile
substances. This stage is divided into two
phases, each of which is distinguished by a
distinct group of microorganisms. The
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temperature rises to 45 °C in the first step
when mesophilic microbes utilize carbon
sources. The compost's temperature will then
rise to 70 °C as a result of the breakdown, at
which point thermophilic microorganisms
begin to grow. To inactivate pathogens and
plant seeds, the thermophilic phase's high
temperature is crucial. The temperature falls
below 40°C during the third stage, known as
the curing phase, as a result of a decline in
microbial activity, allowing organic waste to
begin stabilizing and maturing. Water, carbon
dioxide, and stabilized matter are the
byproducts of a composting process
(20,44).Prior to the composting process, the
classification of municipal solid waste is
crucial to balancing the recipe's requirements
for moisture content for aeration, pH for a
suitable microbial environment, and carbon to
nitrogen ratio for healthy  microbial
development (2). In this study, an aerobic
compost system was used to provide soil
amendment and reduce the amount of organic
waste that was dumped in sanitary landfills.
Investigated and evaluated were the primary
determinants of the biodegradation of organic
solid waste, including the types of composting
materials, particle size, temperature, moisture
content, electrical conductivity (EC), C/N
ratio, germination index, and NPK in aerobic
composting.

MATERIALS AND METHODS

Raw waste and bulking agent : The carbon
source for each mixture of horse manure
(HGM), sheep manure (SHM), and activated
sludge (AS), collected in clean plastic bags,
was mixed together and chopped into smaller
pieces. The agricultural residues included dry
and wet leaves and branches of trees, fruit
residues, litter (FW), and agricultural residues
from agricultural waste. To balance the
carbon-to-nitrogen ratio of the composting
material, an appropriate amount of mature
compost, horse manure (HGM), sheep manure
(SHM), and activated sludge (AS) were added
to the pile. The raw materials' characteristics
are displayed in the table (1).
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Table 1. Characterize of raw material (13) table (2). The Cornell Institute for Waste
Materi % % % C/N Ratio Management's Excel program was used to
al oisture  Carbon Nitrogen calculate the actual C:N ratios (13;29). For the
FW 80.0 56.0 1.4 40 initial mixtures, the C: N ratios were R2, R3,
AL 38.0 48.6 0.9 54 and 20/1. The other blends, P1, P2, and P3,
GFW 530 36.0 2.4 15 have a 30:1 ratio. Each cell had a total weight
SHM  69.0 43.2 27 16 of 25 kg and 60% moisture content in the
HGM 72,0 48.0 1.6 30 mixture
_ M1Q1+M3Q2+M3Q3
AS 25 336 5.6 6 G = r0,40; "t 1
The mature compost also served as a source of Where Q is mass of material n (wet weight
microorganisms to simplify the composting basis), G is moisture goal (%), and Mn is
process. The composting process consisted of moisture content (%) of material n

_ 01(€1x(100-M1))+Q2(C2X(100-M3))+-- @
Q1(N1x(100-M1))+Q2(N2x(100—M3))+- "*""""

six experiments lasted about five weeks, with
the following raw waste material as shown in
Table 2. The composition of the composting mixture

Experiment no. Mixture Ratio % Weight (Kg)
R1 FW:AL:GFW:SHM 36:3120:22: 9:8:5.5:2.5
R2 FW:AL:GFW:HGM 42:25128: 10.5:5.5:7:2
R3 FW:AL:GFW:AS 52:38:5:5  13:9.5:1.25:1.25
P1 FW:AL:GFW:SHM  26:14:52:8 6.5:3.5:13:2
P2 FW:AL:GFW:HGM  28:6:9:57  7:1.5:14.25:2.25
P3 FW:AL:GFW:AS  44:30:12: 14  11:7.5:35:3
where R is C/N ratio of compost mixture, Q, is material n, and M, is moisture content (%) of
mass of material n (wet weight basis), Cn is material n. By simplifying and rearranging the
carbon (%) of material n, N, is nitrogen (%) of above equation, the mass of the third material
required would be Eqg. (3.3)
__ RQ{N1(100—M1)+RQ2N2(100—M3)—Q1(C1x(100—M1))+Q2(C2x(100—M3)) 3)
3~ €3(100—M3)—RN3(100—M3)
Q3 is third article diameter (5in) and to collect a leached, if any.
Composter design Approximately 25 kg of solid waste material
Due to its capacity to hold compost in a sturdy was composted in each pallet. The useful
structure, effectiveness, and stability, the in volume of the bioreactor is 59044 cm’, were
pallets approach was chosen for this filled to 75% of their volume details are shown
investigation. A compost pallet of laboratory in figure (1), and (2) Experimental work site in
size was created. The pallets’ perforations, Baghdad.

which are 55 cm, long, 36 cm wide, and 62 cm
high, allow air to enter, oxygen to supply, and
discharge the gaseous emissions and heat of
decomposition.  Moving compost material
from bin to bin on a two days basis makes
rapid compost, and to provide aeration. The
turning method is used to make more suitable
for food waste and compost quickly. The
pallets was provided by aluminum plates cells
surrounded by a copper net (fly deterrent) and
at the bottom of each cell there is an aluminum
basin (10 cm high) and tilted at an angle of 15 - S——
degrees, and at the end of the basin is a hole of Figl. Fertilization system
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110cm

Fig 2. Dimensions and design of the system
Measurement of physicochemical
properties of compost: There is a five-week
composting process. In order to create a
homogenized sample of the composter's
pallets, 200 gram samples were taken
throughout the composting process from
various points, primarily the top, middle, and
bottom. After the composting process had
been going on for 0 days, 1, 5, 10, 15, 20, 25,
30, and 35 days, triplicate samples were taken
and stored at 4°C for biological analysis of the
wet samples within 2 days. The sub-samples
were promptly air dried, crushed to pass
through a 0.2 mm filter, and then stored for
additional physicochemical study.
Temperature, pH level, moisture content, and
electrical conductivity (EC) were continuously
monitored during the composting process
using the Kjeldahl method (28). To the
completion of the composting process, total
nitrogen, NH4+-N, NO3-N, and total organic
carbon were monitored together with the
compost pile's temperature on a regular basis
every 5 days (TOC) using the Mohee method
(33) . At the conclusion of the composting
process, the Nitrogen-Phosphorus-Potassium
(NPK) value of the final compost was
calculated. A metric of biodegradable organic
matter was COD by the dichromate method
(47). The analytical procedure for determining
the outcome of the physical, chemical, and
biological properties of the mixed material is
described below.

RESULTS AND DISSCUSCION

Particles size: The particle sizes of materials
have a greater impact, so lowering the size of
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waste materials will increase the surface area
and improve microorganism activity and
accelerate the composting speed. But on the
other hand, too small waste materials also
reduce the oxygen content and prevent the
flow of air in composting, then lowering
micro-organism activity composting speed
(29). various sizes of materials, should be
decreased by shredding the organic
components According to the ideal particle
size for composting is between 1 and 2 inches
in diameter. As it was adopted in all six
composters R1, R2, R3, P1, P2, and P3
respectively.

Carbon to nitrogen ratio(C/N Ratio)

When evaluating the stabilization and
decomposition of organic waste during
composting, the change in the C/N ratios is
frequently used. Living microorganisms that
use the carbon in the organic matter as a
source of energy and the nitrogen in the
mixture to form cell structures decompose the
organic material in compost mixtures. The
compost mixture may become too heated,
killing the microorganisms, or it may enter
anaerobic conditions, producing a stench-filled
mess, if the N concentration is too high. The
compost mixture won't heat up if the N content
is too low(17:18). In R1, R2, R3, and P1, P2,
P3, the range for C/N ratios at the beginning of
the composting process is roughly 30/1 to 20/1
(often recommended). The C/N ratio drops
during the course of the five-week composting
process, with the final compost's ratios being
(15; 17.3; 13.5), and, (18.9,16.6,17.1) as
shown in the table (3). Results showed that
primary stabilized composts were aged first,
and then highly matured compost was
produced. When the C/N ratio is 17 or below,
compost may be deemed mature (21; 43). All
compost mix's carbon content was reduced by
turning it into carbon dioxide and water. Due
to the transformation of nitrogen into nitrate
and then ammonia (NH3), a decrease in
nitrogen was anticipated (NOs). Because only
a small amount of organic nitrogen is actually
transformed, this trend cannot be seen (38).
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Table 3.Carbon %, Nitrogen %, and C/N
Ratio in initial and final composting

Material Carbon Nitrogen C/N

MIXUres jnitial final Initial Final initial  final
R1 77.84 5236 259 35 301 150
R2 79.21 6052 26 35 305 173
R3  79.47 53.87 265 3.99 300 135
P1 7421 6135 3.7 324 201 189
P2 7935 69.54 396 4.2 200 16.6
P3 8921 80.24 445 47 200 171

Temperature

Figure (3) displays the compost mixture's
measurement. The temperature rises from the
ambient temperature at the start of the
composting process to a range of 52-60 °C,
reaching a peak value of 60 °C and 58 °C for
R3 and P1 on the eighth and ninth days,
respectively. R1, R2, P2, and P3 had
respective temperatures of 55°C, 55°C, 50°C,
and 50°C(46). The temperature then gradually
dropped to the surrounding air towards the
conclusion of the composting process. The
activity of the thermopbhilic bacteria present in
the compost mixture was what caused the
abrupt increase in compost temperature during
the first few days(47). These bacteria release
heat throughout the composting process by
breaking down the organic carbon in the
compost mix.The temperature drop that occurs
25 to 35 days into the composting process may
be caused by mesophilic  microbes
predominating over thermophilic microbes as
they break down the remaining organic matter
in the compost mix (11). According to
numerous studies, the ideal composting
temperature range is between 52 and 60 °C (9;
16; 21) and(5).

70
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60 R3 | —m—P1
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10
0 5 10 15 20 25 30 35
Time (days)

Figure 3. Temperature profile of waste
mixture Vs. Time
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Moisture content

The initial compost mix was prepared to have
relatively high moisture content (60%, 58%,
61%, 60%, 58%, and 56% for R1, R2, R3, P1,
P2, and P3, respectively) to maintain the
thermophilic phase (43). The changes in
moisture content in the compost gradually
decreased from this initial compost mix. The
compost mixture's temperature will decrease
due to the evaporation of moisture from the
compost, compost drying, and perhaps heat
loss. The decomposition of organic materials
in the compost mixture is indicated by the
moisture content's decline (40). As shown in
Figure(4), the moisture content steadily
reduced at the end of the composting process,
reaching 53%, 52%, 51%, 53%, 54%, and 56%
for R1, R2, R3, P1, P2, and P3, respectively.

80

B Y NI NP

% R1 R2
= 20 R3 P1
——P2 | —¢—P3
0
0 5 10 15 20 25 30 35 40
Time/Day
Figure 4.Moisture Profiles of waste Mixture
Vs. Time
pH value

The compost mixture's initial average pH
values ranged from 5 to 6. These values have
no impact on the activity of the overall
composting process. Due to anaerobic
conditions in the compost mix, which lead to
the synthesis of organic acid, pH values
gradually decrease during the early stages of
composting and reach 4 and 5 on day 4.
Following this, the pH levels tend to return to
neutral after 12 days due to the aeration caused
by stirring the compost mixture, which created
aerobic conditions and allowed the microbial
activity to convert the acid to carbon dioxide
as shown in figure (5). Because of the
absorption  of  protons  during  the
biodegradation of volatile fatty acids, the
mineralization of organic nitrogen, and the
production  of  carbon  dioxide, the
mineralization of amino acids, proteins, and
peptides causes rises in volatile ammonia and
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also leads to an increase of pH-value to
alkaline ranges (8; 31). During the chilling
phase, the pH level decreases gradually and in
mature manure, it achieves a value of 7 to 8
(16). This pH value is within the

recommended range and suggests a high-
quality fertilizer (6-8.5), which were equal to
the findings reported by (4).

10

=] e R2
R3 >—P1
——p2 P3
0
0 5 10 15 20 25 30 35
Time/Day

Figure 5. PH Profile of waste mixture Vs.
Time

Electrical conductivity (EC)

The level of salinity in the composting mixture
is indicated by the electrical conductivity
value, which also reflects any potential
consequences on plant growth  from
phytoxicity. According to (28), the significant
increase in electrical conductivity value at the
beginning of the composting process may be
caused by the release of ammonium ions and
mineral salts through the decomposition of
organic matter. Electrical conductivity as
shown in figure (6) was showing peak at the
beginning of the composting process, with the
highest value recording in mixtures R2 (8.05
dS.ml1l) (22). A decrease in electrical
conductivity at a later stage of the composting
process may be caused by the precipitation of

mineral salts and the volatilization of
ammonia.The decrease in electrical
conductivity at ambient temperatures is

depicted in Fig. (5). Mineral salt precipitation
and ammonia volatilization are two possible
causes for the lower EC values in the final
stages of composting (37). After composting,
the values for cells R1, R2, R3, P1, P2, and P3
stabilized at 2.23, 2.22, 2.35, 2.35, 1.55, and
2.04, which were equal to the findings
reported by (3).
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Figure 6. EC Profile of waste mixture Vs.
Time

Chemical oxygen demand (COD)

The removal efficiency was 90.4%, 88%,
89.3%, 87.8%, 89.4%, and 89.6% in R1, R2,
R3, P1, P2, and P3, respectively, and stabilized
over the course of the composting process as
shown in Fig. 7. The COD values dramatically
decreased from 5410, 4760, 5060, 4350, 4720,
and 5630 mg/l initially to 520,570, 540, 530,
500, and 588 mg/l This shows that during the
first phase of the composting process, the
easily  biodegradable  organic  matter
decomposed quickly, and more slowly during
the second.Stage 1 (compost age between (0
and 2 weeks) and Stage 2 (compost age
between 2 and 5 weeks) of the temporal profile
of compost stability were categorized as active
degradation and intermediate or stability
period, respectively. In terms of the outcome,
the drop in COD concentration levels over the
course of two weeks is comparable to (17). A
comparable result was reached (39).

6000
_ Q R1
S5 5000 § ——R2
: 4000 i
o P1
S 3000 i
P3
v P2
2000 \
A\ e \g
1000 £ o\ 3
& X - -
0
0 5 10 15 20 25 30 35
Time/ days
Figure 7. COD concentration vs time Vs.
Time
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Nitrogen content (NHa', NOs): inorganic  forms, also known as the
Figures 8 and 9 show the general pattern nitrification index (N-NH4+/N-NO3), was

clearly. In the compost mixtures R1, R2, R3,
P1, P2, and P3, extracts of fresh compost
revealed high NH4-N concentrations of 1.2,
1.3, 1.08, 1.03, and 1.02 percent and very low
NO3-N concentrations of 0.11, 0.24, 0.3, 0.1,
0.15, and 0.21 percent, respectively. As
composting  progressed, NH4-N levels
generally decreased during the initial stages,
but NO3-N levels significantly increased in
late samples. On the other hand, during the
maturity phase, a substantial improvement in
NO3-N quantity was seen. Similar results were
reported in 2006 by (12). The finding that
bacteria necessary for nitrification were
severely hindered by temperatures above 40°C
(24) may help to explain this outcome.The
maximum content of NH4 after 5 days in the
thermophilic phase was recorded in compost
mix R3. As the composting process
progressed, the decrease in NH4 content
coincided with an increase in NOs , the
nitrification process is usually rapid, and the
NH4 generated as a result of ammonia is
rapidly nitrated to NOs~ (42). The final
ammonia concentrations after five weeks were
0.15, 0.108, 0.12, 0.19, 0.2, and 0.13 percent

15 —&—P3 -—P2
P1 ——R3
® A | R2 R1
I I g
ZI “g—h_'___u'_-__ ~_ N
> -] y 4 N
05 AN
| N
A
-t
0
0 5 10 15 20 25 30 35
Time/day

Figure 8. N-NH4 Profile of R1, R2, R3, P1,
P2, and P3 Vs. Time
The first three days following fertilization see
a significant spike in nitrite  NO3
concentration, followed by a steady increase in
nitrite levels that roughly stabilizes after 30
days. Nitrogen fixation, which moves in the
opposite direction of nitrogen mineralization,
always takes place concurrently (14). and the
compost mix R1, R2, R3, P1, P2, and P3 had
nitrate-nitrogen concentrations of 0.7, 0.83,
0.63, 0.67, and 0.13 after 35 days,
respectively. Additionally, the proportion of
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utilized to gauge the compost's stability and
maturity. Maximum values were achieved
during the early part of the composting
process, which was proceeded by a substantial
reduction during the cooling stage Figure 10.
After the process in the acquired compost, the
ratio of nitrification index was less than 1,
with  nitrate  increasing and ammonia
decreasing as composting progressed (as the
ratio of N-NH4/N-NO3 was 0.2, 0.15, 0.14,
0.3, 0.29, and 0.19 for cells R1, R2, and P1,
and respectively), the ratio being less than 0.5
very mature, (0.5-3) mature, and more than 3
immature (19). These findings concur with
those of (15) about the relationship between
ammonia and nitrate when compost is being
produced. The same result was also published
by (18).

——P3 —&—P2

R1

0 10 20

Time/day
Figure 9. N-NO3 Profile of R1, R2, R3, P1,
P2, and P3 Vs. Time

30 40

10 15 20

Taime/day

Figure 10. N-NH4/N-NO3 Profile of R1, R2,

R3, P1, P2, and P3 Vs. Time
Phosphorous and Potassium content
The beginning and final potassium and
phosphorus contents of compost are shown in
Table 4. Phosphorous (P), which makes up
between 0.1 and 0.4 percent of a plant, is

25 30 35
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crucial for energy transfer and storage,
adventitious roots, earlier maturing, viability,
and disease resistance. The consumption of
phosphoric materials during cell development
may be responsible for the decrease in
phosphorus content which were equal to the
findings reported by (23). Potassium
concentrations in vegetative tissue typically
range from 1 to 4% of dry weight basis.
Potassium affects protein synthesis, nitrogen
uptake, transpiration, and translocation in
addition to water and energy balance.
Comparing different compost mixes, compost
mix R3 had the greatest beginning and final
readings of potassium (K) content.Although
not consistently, the K values may rise during
the composting process. Due to the microbes'
need for nutrients at specific times, which
caused an increase and drop in potassium, the
potassium level fluctuated over the course of
the  composting  process.  Additionally,
increasing potassium content from increased
microbial metabolism on organic materials
encouraged a high incidence of conversion
(25). It is therefore perfect for plant
development. Compost should contain greater
than 1% of both phosphorous and potassium
(NPK).
Table 4. P and K levels in initial
proportions and final composts

Mixtures PR K%

Initial _ Final Initial Final
R1 0.82 0.63 1.65 2.88
R2 0.86 0.54 1.55 3.54
R3 1.68 0.98 2.62 3.99
P1 0.96 0.68 1.34 2.58
P2 0.68 0.45 11 1.95
P3 1.05 0.85 2.36 3.52

Germination Index (Gl)

The maturity of the compost mix and
sensitivity to excessive salt or the incidence of
phytotoxicity =~ was  tested using the
Germination Index value. The maturity of the
combination is indicated by a number greater
than 80%. (41). The differences in the
composting mix's Gl are shown in Table 5.
Results reveal that, with the exception of mix
P1, all of the mixtures had Gl values above
80% at the conclusion of the composting
process, indicating that phytotoxic chemicals
had either completely lost their harmful effects
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or had at least lost their ability to hinder plant
growth (45). In general, the breakdown of
phytotoxic chemicals by microorganisms
during composting is what causes the decrease
in phytotoxicity, which were Similar to the
findings reported by (1).

Table 5. Germination Index Gl

Root
Meanno Growt Mean lengt Germinati
. of h root h
mixture - on Index
germinat Index length( Index Gl (%)
ing seeds G (%) c) L
(%)
R1 45 90 33 943 84.9
R2 47 94 3 85.7 80.6
R3 49 98 34 971 95.2
P1 43 86 32 914 78.6
P2 46 92 31 886 815
P3 47 94 32 914 85.9
CONTROL 50 - 3.5

Figure 11. Laboratory images of
germination factors
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