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a b s t r a c t
The effects of ozonation have been studied as a pre-treatment of waste activated sludge (WAS) 
on duration of the composting process. This study was aimed to evaluate the comparison of two 
pre-treatment processes on degradation of the WAS and particularly on the duration of pre-treated 
sludge composting. The ozone was injected by two different doses to make semi-stabilized sludge 
(0.006 g O3/gTSS) and completely stabilized sludge (0.041 g O3 /gTSS). Three mixtures were composted 
in 150 L three reactors using the raw (CRS), semi-stabilized (CSS) completely stabilized sludge (CCS). 
The organic matter evolution was assessed by characteristic of the total organic carbon, total Kjeldahl 
nitrogen, total phosphorous, volatile solid and total coliforms during composting. The results show 
that CCS reactor reached a considerable enhancement in quality of compost which could be a con-
sequence of higher organic matter mineralization during the process of composting compared with 
the other two reactors. The results show that ozonation as an oxidative pre-treatment could solubilize 
the organic matters and could increase the biodegradability of WAS which led to rapid mineralization 
rate of organic matter during composting. 
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1. Introduction

Increasing population, urbanization and anthropogenic 
activities led to an extreme increase in wastewater produc-
tion and consequently biological excess sludge in the recent 
decades. Treatment and disposal of enormous amounts of 
excess sludge are one of the most critical environmental 
issues in worldwide [1,2] such that, up to 60%, of the oper-
ating cost of wastewater treatment plants (WWTPs) was 
dedicated to associated processing of sludge. Therefore, 

the interest of applying methods with effective sludge reduc-
tion and minimization of the treatment loads with the lowest 
expenses are going to increase [3,4].

Composting is an aerobic process used for sludge treat-
ment which augment the microbiological activity and leads 
to biodegradation of decomposable organic matters, recy-
cling of nutrients, formation of relatively inert humic sub-
stances and pathogen-free product that is often used as a 
bio-fertilizer for land application. During the composting, 
two phases can be distinct: active phase, where insoluble 
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organic matter decomposed into soluble small molecular 
substances by extracellular enzyme of microorganisms. This 
phase may progress in high temperature which, therefore, 
constitutes the thermophilic stage of composting. The next 
step known as curing or maturation phase, which includes 
the reduction of the temperature (to mesophilic range) and 
also degradation of remaining organic compounds, occurred 
at a slower rate [5]. Selection of primary mixture of sewage 
sludge compost is an important factor that effect on prop-
erties of the sludge, static condition, porosity, moisture 
content, C:N ratio and the ability to produce more enough 
energy to drive the process [6,7]. The duration of the first 
phase strongly depends on the controlling parameters 
management such as aeration and watering and also char-
acteristics of the waste such as amount of easily degradable 
matter [5]. Within adequate range of aeration, maximum 
temperatures are achieved to ensure pathogen damage and 
fast stabilization. Appropriate rate of aeration is necessary 
because high aeration can lead to extreme heat loss and inad-
equate stabilization [8]. As mentioned above, the degrada-
tion potential of material is an important factor in duration of 
active phase. Increase in biodegradability of organic matter 
lead to decrease in duration of active phase, odor-producing 
and cost of composting. So, different pre-treatment pro-
cesses have been proposed to enhance the biodegradability 
and hydrolysis of activated sludge [9,10].

Many sludge pre-treatment processes are currently 
used including biological, thermal hydrolysis, mechanical 
(such as ultrasound, high pressure) and chemical with oxi-
dation (mainly ozonation) [11]. Ozonation is a most widely 
used chemical pretreatment and because of the complexity 
of sludge composition, ozone decomposes itself into radi-
cals and attacks the extra cellular polymeric substances and 
oxidize the complex macromolecules that lead to enhanced 
sludge treatability and biogas production and also convert 
refractory organic matter into biodegradable form [12,13]. 
Ozonation was known as a process with microbial aggre-
gates’ properties in wastewater treatment system which can 
destroy the cell structure and release intracellular materials 
to the supernatant [14]. The increase in the soluble nitrogen 
and phosphorus concentrations after ozonation affirms the 

release of cell contents. Released organic N was oxidized to 
NH3 and finally nitrite and nitrate, which lead to increase 
of soluble TN (included the soluble nitrate and nitrite) [15]. 
The purpose of these methods is reduced excess sludge, 
improvement of the sludge dewatering, acceleration of the 
hydrolysis step, solubilization of the particulate organic 
matters that would allow to reduce the stabilization time for 
further microbial action [16,17]. Therefore, the aim of this 
study was to determine the effects of ozonation of WAS on 
duration of the composting process. Also, we followed some 
of the physico-chemical and microbiological characteristics 
of composting of semi-stabilized and completely stabilized 
sewage sludge with ozonation during the process.

2. Materials and methods

2.1. Waste activated sludge collection

The raw biological sludge was taken from an extended 
aeration activated sludge system in the local WWTP. This 
sludge was obtained from the return sludge line of the set-
tling tank which represents medium strength domestic 
sewage and then transferred to laboratory and kept in the 
refrigerator (4°C) until use. The samples were analyzed to 
determine the initial characteristics of WAS, which was car-
ried out on a dry weight basis and the standard deviations 
are based on triplicate analysis (Table 1).

2.2. Analytical methods

The total solid (TS), volatile solid (VS), total suspended 
solids (TSS), volatile suspended solids (VSS) were mea-
sured as described in Standard Methods [18]. Total coliform 
(TC) and fecal coliform (FC) for compost were measured 
by methods as mentioned in USDA and USCC [19]. pH 
was determined using a double-distilled water suspension 
of compost in a 1:5 ratio (w/v). Moisture and ash contents 
were determined by heating at 105°C and for 2 h at 550°C, 
respectively. Decomposition degree was calculated from 
the initial (Ai) and final (Af) ash according to the following  
formula [20,21]:

Table 1
Characteristics of raw, semi-stabilized and completely stabilized sludge

Parameters Unit Raw WAS Semi-stabilized sludge  
(0.006 g O3/g TSS)

Completely stabilized sludge  
(0.041 g O3/g TSS)

pH – 7.58 ± 0.11 7.12 ± 0.15 7.07 ± 0.18
TS g/L 18.35 ± 2.33 18.10 ± 3.01 17.07 ± 2.94
VS g/L 14.51 ± 1.44 12.08 ± 1.73 7.34 ± 0.98
VS (%TS) % 79 ± 3 67 ± 4 42 ± 4
TSS g/L 14.18 ± 2.1 12.9 ± 1.5 12.01 ± 1.7
VSS g/L 12.08 ± 1.5 10.5 ± 1.2 8.90 ± 1.1
VSS (%TSS) % 85 ± 2 81 ± 3 74 ± 2
TOC % 28.97 ± 3.21 27.93 ± 3.53 27.05 ± 2.89
TKN % 1.7 ± 0.25 1.93 ± 0.16 2.05 ± 0.32
TP % 5.39 ± 1.01 16.87 ± 1.92 18.44 ± 3.42
Ash % 31.64 ± 3.44 31.72 ± 3.26 32.23 ± 2.18
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Total Kjeldahl nitrogen (TKN) was estimated by Kjeldahl 
digestion with concentrated H2SO4 followed by distillation 
[22]. The concentration of mineral N in the supernatant 
was analyzed by colorimetry using the Greiss and Ilosvay 
method for N–NO–

3 [23] and the Berthelot method for N–NH4
+ 

[24]. Total phosphorous (TP) was estimated by acid diges-
tion and subsequently using ammonium molybdate spec-
trophotometric method [19,25]. The total organic carbon 
(TOC) was measured by a TOC analyzer system (multi N/C® 
3100, Germany). All chemical analyses were performed with 
two to three replicates per sample, and the mean results per 
sample were used for statistical data treatment. Statistical 
calculations were done using the computer software package 
IBM SPSS statistics 20.0 (standard version).

2.3. Sludge ozonation

For ozonation, 1.2 L of sludge was placed in a 1.5 L bub-
ble column with a diameter of 10  cm when is operated in 
batch scale and at room temperature. Ozone was produced 
by passing pure gaseous oxygen through ozone generator 
(Danali, Iran) by a maximum ozone production capacity of 
6 g/h. Oxygen flow rates were changed from 0.2 to 1.5 L/min 
when different inlet ozone concentrations were placed. After 
each run, to determine an optimal ozone dose for production 
of semi-stabilized and completely stabilized sludge (CCS), 
samples were withdrawn for analysis.

To produce fine ozone bubbles and improve ozone mass 
transfer, a stone diffuser was installed and ozone was bub-
bled from the bottom of the reactor. The yield of ozonation 
at different O2-injecting flux was measured by iodometric 
method. Also, the amount of ozone, leaving in the exhaust 
gases, was also measured by iodometric method [26]. 
Ozone consumption was calculated as the amount of ozone 
entering to the reactor minus the amount of ozone leaving 
the reactor:

Consumed ozone O
Oz Ozin out

3( ) = −( )
S

	 (2)

where Ozin  =  (ozone yield*ozone bubbling time), Ozout  = 
amount of ozone leaving the reactor, and S  =  dry weight 
of sludge. The applied ozone was quantified in terms of 
ozone dosage (g O3/g TS) [27]. 

2.4. Composting

Two plastic containers (70 cm diameter and 30 cm high) 
were prepared for composting of semi-stabilized (CSS) and 
completely stabilized (CCS) sludge. One plastic container 
also was provided for composting of raw WAS (CRS) as a 
control treatment under controlled environmental condi-
tions. The bottom of the reactor was filled by a layer of large 
woodchips (5  ×  1  cm; depth 10  cm) to recirculate the air 
which separated with grid lace from the material. The dewa-
tered sludge (dewatering on filter press at 51% (w/w)) was 

mixed with sawdust at 6.5% (w/w) to obtain a C/N ratio of 
15:1. Matured vermi-compost was added as an amendment 
material at 32% (w/w) to the pile. The dewatered sludge does 
not have adequate porosity for sufficient aeration so bulk-
ing agents such as woodchips provide porous structure and 
maintain air spaces with the compost pile [28]. Therefore, 
woodchips were homogeneous mixed at 10% (w/w) with the 
composting system. The heaps were manually turned and 
mixed once in a week to provide aeration for the pile and 
average moisture content was maintained between 50% and 
60% throughout the aerobic composting phase by periodic 
sprinkling of adequate quantity of tap (potable) water. The 
reactor was kept at room temperature (25°C ± 2°C) and heap 
temperatures were monitored daily. Heap temperature was 
measured at two-third depth from heap surface. During 
the composting process, samples were collected after every 
7  d for the future analyses and all samples were analyzed 
for various physico-chemical parameters (pH, MC, TS, VS, 
TOC, TN, TP and microbiological parameters). For sampling, 
smaller amounts of mixture were collected from various 
locations of the reactor to obtain 1 kg samples. Then it was 
completely mixed, and a 250-g homogenized sample was 
taken and analyzed. The remaining sample was returned to 
the reactor. All experiments were performed in triplicate and 
data reported as average of triplicates. 

3. Results and discussion

3.1. Ozonation

3.1.1. Ozone dose optimization

To determine the sludge stabilization, the sludge char-
acteristics are tested using different ozone doses. By install-
ing of stone diffuser in the bottom of the column, there 
was the high solubility of ozone in water when the ozone 
concentration at the contactor outlet was very low. Solids 
concentration was used for the quantification of ozone’s 
effect on organic and mineral matter. Ozonation released the 
soluble cell compounds and hydrolysis solid organics con-
tent of sludge which lead to increase in inorganic compounds 
such as phosphate, nitrate and sulfate and also decrease in 
the TS and VS content [27,29]. TS concentration was almost 
constant at a mean value of 18.35 g/L and the organic content 
(VS/TS ratio) was detected to be 79% for WAS. To determine 
the semi and completely stabilized sludge, the impact of the 
variation of ozone dose on the ratio of VS/TS was analyzed. 
By increasing in ozone dose, a significant decrease in the 
organic content (VS/TS ratio) was observed. Accordingly, 
the maximal VS/TS ratio was 67% and the minimal VS/TS 
ratio was 39% for ozone doses of 0.006 and 0.0782 g O3/g TSS, 
respectively. Therefore, inlet ozone concentrations to pro-
duce the semi-stabilized and completely stabilized sludge 
were determined to be 0.006 g O3/g TSS (VS/TS ratio of 67%) 
and 0.041 g O3/g TSS (VS/TS ratio of 42%) in temperature of 
25°C ± 2°C, respectively (Fig. 1).

3.1.2. Ozonated sludge characteristics

Many studies have shown that pre-treatment of WAS 
by ozonation improved the characteristics of sludge for 
biodegradability [27,30]. As seen in Table 1, the pH value 
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decreased obviously from 7.58 for WAS to 7.12 and 7.07 
for semi-stabilized and completely stabilized sludge. The 
decrease in pH during ozonation was due to the formation 
of acidic compounds such as carboxylic acids and volatile 
fatty acids from the degradation of lipid compounds [13,31]. 
By increasing the ozone dose, TS reduction was increased 
by 1.36% to 6.97% and the VS reduction was increased by 
16.74% to 49.41% for semi-stabilized and completely stabi-
lized sludge, respectively. The VSS was 85% of TSS in WAS 
before the injection of ozone. But this parameter was reduced 
for ozonized WAS, which could attribute to primary effect 
of ozonation on sludge disintegrations [32].

After ozonation, TOC concentration was decreased from 
28.97% to 27.05% for semi-stabilized and completely stabi-
lized sludge which represents an average removal rate of 
3.6% and 6.62%, respectively. The decrease in total TOC is 
because of a complete oxidation of the sludge to CO2 [33]. 
However, Pei et al. [34] demonstrated that ozonation gen-
erates oxidizing and non-selective radicals which lead to 
release of more soluble organic matter and meaningful 
increase in TOC concentration. The TN and TP concentration 
during ozonation showed significant rises in two indexes. 
Minimum amount of TN and TP was found for WAS to be 
1.7% and 5.39%. After ozonation at 0.006 (semi-stabilized) 
and 0.041 (completely stabilized) g O3/g TSS doses, TN rep-
resented an increase by 12% and 17%, and TP with mainly 
increasing became 68% and 70%, respectively. One possible 
explanation is that penetrated ozone rises the cell membrane 
osmosis of the microorganisms which causes interaction 
with the cell membrane and release the cell contents into 
supernatant [27,35]. The increase in the soluble TKN and 
TP concentrations in the WAS after ozonation confirm the 
release of cell contents. After ozonation of WAS and releas-
ing of intracellular materials, organic N was oxidized to 
NH3 and finally nitrite and nitrate which lead to increas-
ing of soluble TN (included the soluble nitrate and nitrite). 
Furthermore, reduction of VS and increasing dissolved con-
tents were emphasised on more effective solubilization of 
WAS via ozonation. On the other word, raising in volatile 
dissolved solids and total dissolved solids go along with 
decreasing VSS and TSS of WAS after ozonation strongly 
indicated solubilization [15].

3.2. Composting

3.2.1. Physico-chemical changes during composting

3.2.1.1. Temperature

The change of temperature recorded during the com-
posting is presented in Fig. 2. The mean temperature of the 
composting in the first day was in the range of 25°C–27°C for 
three rectors. In initial phase of composting, a fast increase 
of temperature was observed in both CSS and CCS as the 
temperature reached 55°C and 58°C within 5 d, respectively. 
Although the temperature changes for CRS were obviously 
slow, the two reactors of CSS and CCS were consisted of eas-
ily biodegradable matters which lead to fast breakdown of 
organic compounds by intense microbial activities [36,37]. 
After almost 20 d and development of mesophilic commu-
nities, temperature dropped to maturing phase and reached 
the ambient 25°C.

3.2.1.2. pH

The physical and chemical properties of compost changed 
significantly after processing. There was a significant change 
in the pH value as shown in Fig. 3a. The initial pH values 
were 7–7.6 in all the trials. The difference in pH values 
could be attributed to the formation of acidic compounds in 
ozonized sludge. The pH values in all treatments increased 
until 14th d to 8.1, 8 and 7.58 for CRS, CSS and CCS, respec-
tively. It seems possible that these results are due to intense 
microbial activity, mineralization of organic matter and 
ammonia volatilization during first few days [38]. Although 
after 14th d, values of pH rapidly decreased in all treat-
ments to reach levels of about 7–7.5, the reduction trend in 
CRS and CSS was faster than CCS. Due to degradation and 
stabilization of organic matter in the ozonation stage the 
lowest pH is reported in CCS.

3.2.1.3. Volatile solid

The concentration of TS and VS in the three reactors 
was monitored during the experiments. Significant reduc-
tion in VS was known as one of the important parameters 
for substrate mineralization, decomposition and compost 
maturity. The rate of reduction in CRS was higher when 

 
Fig. 1. Effect of ozone dose on solid fractions (VS/TS).

 
Fig. 2. Variation of temperature during composting of raw and 
ozonized WAS.
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compared with CSS and CCS under the same experimen-
tal conditions (Fig. 3b). The final VS was found to be 45.8%, 
42% and 37% for CRS, CSS and CCS, respectively. However, 
the initial VS in reactor CCS was lower than the two others. 
The highest mortality during compost was reported to be 
28% in CRS, while these casualties were reported by CCS 
26% and 17% in VS. The slowly rate of decreasing for CCS 
can be attributed to mainly mineralization of organic mat-
ter during ozonation stage and presence of a considerable 
amount of non-biodegradable matter in the completely 
stabilized sludge.

3.2.1.4. Ash and moisture content

An important parameter for mineralization and decompo-
sition of the substrate is found to be ash content. The content 
of ash was increased during 35 d of process in all treatments. 

Fig. 4a shows the ash content profile during each experiment. 
The average value of initial ash content in the CRS, CSS and 
CCS was found to be 48.2%, 48.5% and 49.2%, respectively. 
It can also be seen from Fig. 4a that the rate of increasing in 
ash content in CCS (17%) was significantly faster than CRS 
(9%) and CSS (13%) that indicated the higher rate of volatil-
ization, which is a good measure of degradation of the organic 
waste. On the other hand, decomposition degree of organic 
matter in the end of the composting process for CRS, CSS 
and CCS was estimated to be 17.8%, 25.5% and 33.42%, 
respectively (Fig. 4b). Jouraiphy et al. [20] reported that 
after 135 d of composting of sewage sludge and green plant 
waste, degree of decomposition reached 60.8% [20]. Increase 
in ash content and decomposition degree during compost-
ing reflected microbial degradation of organic matter and 
stabilization during composting and the weight loss of dry 
matter [21].

 
Fig. 3. Variation of pH (a) and VS (b) during composting of raw and ozonized WAS.

 
Fig. 4. Variation of ash content (a) and degree of decomposition (b) during composting of raw and ozonized WAS.
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The moisture content throughout the experiment in reac-
tor CRS, CSS and CCS in all of the 35 d was adjusted to reach 
optimal moisture content between 60% and 65%. The mois-
ture content for composting is necessary to achieve adequate 
water content for microorganisms to move and transport 
nutrients, and adequate oxygen flow to maintain aerobic 
conditions [21]. 

3.2.1.5. TOC

It is apparent from Fig. 5a that there is a significant 
decrease in TOC in all treatments which is may be due to 
mineralization of net organic matter by microorganisms [4]. 
During the process, concentration of TOC in CCS was signifi-
cantly lower as compared with control (CRS). The maximum 
and minimum TOC losses in final mixtures were observed to 
be 26.5% and 14.5%, respectively. 

This could be due to the increase of biodegradability of 
organic matter by ozonation in the last stage and enhanced 
metabolic activity of microorganisms on the ozonized 
WAS in CCS that led to increases in carbon consumption 
and CO2 release. Variation of pH, VS, ash content and TOC 
in CRS, CSS and CCS during the composting is shown in 
Table 2.

3.2.1.6. TKN and ammonium nitrogen (N–NH+
4)

The total nitrogen consists of the inorganic forms of 
nitrogen (N–NH4

+ and N–NO–
3) and organic nitrogen (Norg). 

In Fig. 5b there is a clear trend of increase in TN content 
in all the treatments. The initial TN content of three reac-
tors was approximately same. But no differences in total 
nitrogen were observed between reactors of CRS and CSS 
during 35 d of composting. The content of TN varied from 
0.61%–0.84%, 0.63%–0.90% and 0.67%–1.05% for CRS, CSS 
and CCS, respectively. The maximum and minimum increase 
was observed in composting of completely stabilized sludge 
in CCS and composting of WAS in CRS with 36% and 27%, 
respectively. The increasing trend in TN content during 
composting in this study corroborates these earlier findings 
[39,40]. Substrate utilization by microbes and their metabolic 
activities led to the net reduction in dry mass (organic carbon 
in terms of CO2), also, evaporation during mineralization of 
organic matter caused reduction in water and might led to 
relative increase in TN [21]. Although, these results differ 
from some published studies, they illustrated a decrease in 
amount of total nitrogen during the composting of sewage 
sludge [9,41].

As can be seen in Table 3, inorganic nitrogen (N–NH+
4 and 

N–NO–
3) was significantly changed during the composting 

 
Fig. 5. Variation of TOC (a) and TKN (b) during composting of raw and ozonized WAS.

Table 2
Variation of pH, VS, ash content and TOC in CRS, CSS and CCS during the composting

TOC (%)Ash content (%)VS (% TS)pH
Parameters

CCSCSSCRSCCSCSSCRSCCSCSSCRSCCSCSSCRS

18.217.1918.7449.2448.548.274557647.07.27.60 D
16.3516.0217.4152.6253.1650.6645.255.860.37.57.77.97 D
15.1116.1517.0554.8052.9351.3144.553.955.17.88.08.114 D
13.6515.217.857.4354.6449.964148.9517.77.98.0821 D
13.7215.2417.657.3054.5750.324046.6949.77.57.37.4428 D
13.3714.5416.0259.355.8353.16374245.87.47.16.8435 D
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for all treatments. It is apparent that a decrease in N–NH+
4 

and an increase in N–NO–
3 were occurred. The highest release 

of N–NH+
4 was demonstrated in CCS which it may be due to 

enhancement of degradation in the pretreatment by ozona-
tion. In accordance with the present results, previous studies 
have demonstrated that ammonia reduction is closely related 
to organic matter degradation [42]. After generation of 
ammonia during the biological decomposition, it was trans-
formed to nitrate by nitrification bacteria and led to increase 
in amount of nitrate by decrease in ammonia [43]. According 
to Garcia et al. [44], the increase in nitrate, related to nitrifica-
tion, resulted in NH+

4/NO–
3 ratio < 1 at the end of the process, 

suggesting that the final compost had reached maturity.

3.2.1.7. C/N

In all treatment process, the C/N values decreased con-
siderably during the process, with initial values of 30.4, 
27.3 and 27.1 falling to 19, 16 and 12 in 35th d for CRS, CSS 
and CCS, respectively (Table 4). The reduction in C/N ratio 
during composting was 37%, 40% and 53% for CRS, CSS and 
CCS, respectively. The decreasing trend of C/N ratio during 
the process corroborated these earlier findings [20,38]. 
Decrease in the C/N ratio is expected as a consequence of 
organic waste mineralization and stabilization rate during 
the process of composting.

As seen in Table 4, CCS had the highest reduction of C/N 
ratio over time compared with CRS and CSS and also, CCS 
could reach C/N ratio to less than 16 after 21th day. Among 
these reactors, the difference in the reduction of the C/N ratio 
indicates that the role of organic matter degradation at the 
cylinder stage is much faster and shows that the amount of 

organic matter mineralization has increased over compost. 
Reducing organic carbon to CO2 due to microbial respiration 
increases nitrogen levels and, as a result, decreases C/N ratio. 
According to Senesi [45], an advanced degree of stabilization 
and acceptable maturity is the C/N ratio < 20, while a ratio 
of 15 or less being suitable for agronomic usage of composts, 
since plants assimilate nitrogen just in the ratio of 20 or less. 
So, in this study, an advance degree of organic matter stabi-
lization was achieved in three treatments, however, the C/N 
ratio for CCS was considered satisfactory for agricultural use.

3.2.2. Microbiological changes during composting

The microbiological parameters of TC and FC contents 
in the composted material are presented in Fig. 6. There was 
a reduction in the number of coliforms in all the reactors. 
It was observed that the amount of TC decreased in CRS, 
CSS and CCS in 97%, 98% and 99.13%, respectively. The 
TC and FC in CCS reached to standard values after 28th 
d. The difference in the initial TC and FC in the reactor of 
CRS, CSS and CCS can be attributed to the ozonation pro-
cess caused significant reduction in all the TC and FC. The 
decrease of pathogen during composting can be attributed to 
reduction of microbial activity due to elimination of organic 
matter and also the competition between pathogens and 
microbes for the limited resources during the process [46].

4. Conclusions

This work has demonstrated that ozonation of WAS had 
an affirmative effect on composting materials. The results 
clearly suggest that this pre-treatment process could enhance 

Table 3
Variation of TKN, inorganic nitrogen (N–NH+

4and N–NO–
3) and organic nitrogen in CRS, CSS and CCS during the composting

N–Org (mg/g)N–NO–
3 (mg/g)N–NH+

4 (mg/g)TKN (%)
Parameters

CCSCSSCRSCCSCSSCRSCCSCSSCRSCCSCSSCRS

4.694.284.044.093.833.82.012.022.120.670.630.620 D
5.114.444.374.124.243.941.792.562.430.690.70.687 D
5.935.215.014.984.874.442.072.292.090.80.750.7114 D
6.865.835.775.275.214.871.441.872.230.830.770.821 D
7.676.596.225.865.365.111.931.811.880.960.840.8128 D
8.657.386.726.115.765.681.851.621.681.050.90.8435 D

Table 4
Variation of C/N, C/P, TC and FC in CRS, CSS and CCS during the composting

FC (MPN/g dw)TC (MPN/g dw)C/PC/N
Parameters

CCSCSSCRSCCSCSSCRSCCSCSSCRSCCSCSSCRS

5108001,1004601,1002,4001.061.083.6727.227.330.40 D
36051092023432400.930.993.2723.622.925.67 D
15036073018382180.830.962.9018.921.524.014 D
281104609431500.720.882.9016.419.722.221 D
0231105291030.700.862.7714.318.121.728 D
0048423750.670.802.3912.716.119.135 D
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some important plant nutrients, for example, TN, available 
P content and decrease in C:N ratio up to its acceptable limit 
(1:20) in the shorter time. In addition, this study introduced 
the ozonation as a sustainable pre-treatment technology for 
chemical–biological treatment. Increase in biodegradability 
of organic matter could lead to decrease in duration of active 
phase in composting process and convert the noxious wastes 
into organic fertilizer to apply in agricultural lands. Also, it 
can be concluded from the present study that the combined 
ozonation–composting process can gain complete sanitiza-
tion under desirable environmental conditions.
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