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Abstract In this study, composting of olive pomace from

three-phase oil production system, sewage sludge, dairy

manure, and tomato stalks were carried out. The effects of

carbon/nitrogen ratio on decomposition rate of composting

were investigated with constant free air spaces of com-

posting mixtures. Composting process was carried out in

the aerobic reactors made of stainless steel which were

monitored for 32 days. Temperature-controlled feedback

system was operated based on the Rutgers strategy. Tem-

perature, moisture, organic matter, pH, electrical conduc-

tivity total carbon, total nitrogen, ammonium nitrogen and

nitrate nitrogen, total phosphorus as well as potassium were

monitored during the composting process. In addition,

mass and volume changes of the mixtures were determined.

The highest degree of decomposition was determined for

the mixture (carbon/nitrogen ratio of 20) based on the dry

matter loss where the maximum amount of sewage sludge

was used. On the other hand, maximum decomposition

occurred at a carbon/nitrogen ratio of 23 for mixtures

containing dairy manure. The increase in the use of olive

pomace in mixtures had adverse effects on the decompo-

sition process. The stabilization process in the mixture

containing dairy manure lasted shorter than the mixtures

containing sewage sludge.

Keywords C/N ratio � Free air space � Heavy metal �
Mass loss � Olive stone structure � Rutgers strategy

Introduction

Olive oil processing wastes cause major environmental

problems. Ninety-five percent of world olive oil production

is carried out in Mediterranean countries (Spain, Italy,

Greece, Syria, Turkey, and Tunisia) (Aktas et al. 2001).

High amounts of olive processing wastes olive pomace

(OP) and olive mill wastewater (OMW) (for three-phase

systems) as well as two-phase olive mill waste (TPOMW)

(for two-phase systems) are produced over a short growing

season (Roig et al. 2006). It was estimated that 1,676,000

tons of olives produced (TurkStat 2013) in 2013 in Turkey

led to 921,800 tons of by-product of OP (Şevik 2014). On

the other hand, sewage sludge and animal manure also lead

to many environmental problems, especially pollution of

groundwater and surface water. It was estimated that

approximately 226 million tons of animal manure (Şevik

2014) were produced due to the number of 12,386,337

dairy and cattle in 2013 in Turkey (TurkStat 2013). Bio-

logical processes such as composting and vermicomposting

have been widely recognized in converting organic mate-

rials into nutrient-rich fertilizer and soil conditioner (Lim

et al. 2015a). Composting method for olive oil processing

wastes such as OP and TPOMW were suggested since they

are more practical and have a greater economical value

compared with other disposal methods, while it is also

reported that compost quality is increased when co-com-

posted with animal manure (Roig et al. 2006). Addition of

amendments and bulking agents to the initial compost

mixture in addition to the main material can balance C/N

ratio and porosity (Kumar et al. 2010). Therefore, co-

composting of OP with sewage sludge and animal manure

is crucial from a waste management perspective. Fernández

et al. (2010) and Sánchez-Arias et al. (2008) achieved

fruitful results through co-composting sewage sludge with
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plant and animal based wastes. Hygienization as well as

reduction in volume and the amount of sludge through

composting are achieved and thus it enables the use of

stabilized compost as a nutrient source in agriculture

(Doublet et al. 2011). Addition of materials to improve free

air space (FAS) of the initial mixture may bring about

composting process to the optimum levels in terms of

moisture content, C/N ratio, particle size, and pH while

also ensuring a high rate of decomposition of organic

matter (Ingelmo et al. 2012).

Although wood chips (Franke-Whittle et al. 2014), olive

leaves and rice husk (Muktadirul Bari Chowdhury et al.

2014), pumice (Wu et al. 2014a), recyclable plastic (Zhou

et al. 2014), dry leaves (Sudharsan Varma and Kalamdhad

2015), mushroom residue (Hu et al. 2015), rubber wood

sawdust (Farah Nadia et al. 2015) usually were used to

maintain proper air space in the initial mixture, chopped

tomato stalks have not yet been utilized in composting.

Wei et al. (2014) have studied the effect of biochar addition

on the quality of tomato stalk and chicken manure com-

posting. Biochar addition had a greater impact on the

physico-chemical properties and microbial community

diversity in comparison with peat bog and zeolite. There-

fore, the objective of this study was to investigate the co-

composting of OP, tomato stalks together with sewage

sludge or dairy manure at different C/N ratios at certain

FAS value. Process parameters were evaluated during the

composting of these wastes, which are commonly found at

both national and regional levels. This study was carried

out in the composting laboratory of Department of Agri-

cultural Machinery and Technologies Engineering, Suley-

man Demirel University, Isparta, Turkey, during the period

of March 2014–April 2014.

Materials and methods

Composting materials

This study was carried out using OP, dairy manure (DM),

sewage sludge (SS), and chopped tomato stalks (TS). OP

was received from Taris Olive and Olive Oil Agricultural

Sales Cooperatives Union in Aydın province. SS was

obtained from wastewater treatment plants in Isparta pro-

vince. DM and TS was provided from an agricultural farm

in Isparta province. TS was chopped down to 2–3 cm by a

stationary chopper. The main characteristics of four raw

materials (OP, DM, SS, and TS) are reported in Table 1.

Values were given on a dry weight basis excluding the

moisture content which was on a wet weight basis. Based

on Table 1, it can be stated that organic matter content of

OP was high; SS and DM had high initial moisture content,

electrical conductivity of TS was high and heavy metal

concentrations of SS were higher than that of the other

materials.

Experimental setup

The mixing ratios and initial C/N ratios of mixtures are

presented in Table 2. The values of FAS calculated based

on density of materials and particles (Adhikari et al. 2009)

were adjusted to 32 % in all mixtures. Ranges of FAS from

30 to 35 % were proposed by Haug (1993) in order to

provide sufficient aerobic conditions for decomposition of

several materials. The mixture containing SS was named as

OST while that which consists of DM was named as ODT.

OT was the mixture of OP and TS thereby yielding an

initial C/N ratio of 42. Fixed FAS values and different C/N

ratios of each mixture were calculated by using solver add-

in function of the Microsoft ExcelTM taking into consid-

eration the FAS (6.50–60.00 %) and C/N ratios

(10.86–42.49) for each raw material.

Seven-identical cylindrical stainless steel reactors, each

with an effective volume of 100 l with inner diameter of

47.3 cm and height of 57.0 cm were used in the exper-

iment (Fig. 1). The reactors had perforated stainless steel

floors with hole sizes of 4 mm (diameter) at a height of

Table 1 Physico-chemical properties of composting materials used

in the experiments

Parameter OP SS DM TS

MC (%) 4.26 75.89 82.28 20.77

OM (%) 94.88 74.20 86.58 77.86

pH 6.7 6.1 8.6 7.9

EC (dS m-1) 0.8 5.6 5.6 7.4

TC (%) 48.86 43.89 42.05 35.04

TN (%) 1.15 4.04 1.57 2.23

C/N 42.49 10.86 26.78 15.71

FAS (%) 30.00 6.50 17.50 60.00

BD (kg l-1) 0.67 0.23 0.14 0.25

TP (mg kg-1) 784 5890 4948 1142

K (%) 0.37 0.27 1.64 1.76

NH4
? - N (mg kg-1) 69 1912 250 530

NO3
- - N (mg kg-1) 136 148 151 1127

Pb (mg kg-1) 2.6 25.2 3.0 3.8

Cd (mg kg-1) 0.7 0.8 0.3 0.4

Cr (mg kg-1) 10.5 34.6 5.1 19.1

Cu (mg kg-1) 12.0 98.4 49.9 67.4

Ni (mg kg-1) 5.5 29.4 6.9 11.8

Zn (mg kg-1) 24.8 751.7 172.3 67.9

MC moisture content, OM organic matter, EC electrical conductivity,

TN total nitrogen, TC total carbon, TP total phosphorous, K potas-

sium, BD bulk density, NHþ
4 � N ammonium nitrogen,

NO3
- - N nitrate nitrogen
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13 cm from the bottom and 40 percent opening for pro-

viding a plenum for air distribution under the compost.

The bottom sides of reactors were fabricated with a

reverse conic shape, and a 50-mm stainless steel valve

was mounted to collect leachate. Reactors were connected

to a metal frame with a bearing to discharge compost

material for remixing. Air was supplied to the reactor

through a straightway single clapper connected to 50-mm

PVC pipe. Side walls and lids of the reactors were insu-

lated with glass wool material. K type thermocouples with

a diameter of 3 mm and 35 cm length were inserted into

each composting reactor equipped with three ports to

facilitate temperature at three levels of 10.0, 27.0, and

44.0 cm above the perforated floor. Control of aeration

fans, solenoid valves, and pumps in the laboratory com-

posting systems as well as data acquiring and logging

were performed using a PLC (Schneider M258). Air flow

supplied to the reactors by fans (0.25 kW) was measured

by a hot wire anemometer (QVM62.1 Siemens), and the

results of the measurements were transmitted to the PLC

unit. Variable speed drive (Schneider, ATV12H037M2)

connected to PLC through ADC modules was used to

obtain required fan speeds corresponding to volumetric air

flow rate (Q, m3 h-1) calculated by multiplying velocity

with the measured by pipe area. Once volumetric air flow

rate input was made to the interface, PLC unit calculated

the required fan frequency to provide the optimum flow

rate according to the data obtained from the hot wire

anemometer.

Feedback control of temperature was maintained by

Rutgers aeration strategies (Finstein et al. 1986). Fans were

operated in on/off mode when the compost temperature

(T) was less than or equal to set point temperature (Tsp) to

regulate airflow and to allow temperature increase. This

stage was characterized with on/off time and volumetric

airflow rate (Qmin, m
3 h-1) to meet minimum requirements

for oxygen and air movement. Aeration rates were adjusted

throughout the course of the experiment at this stage. The

on/off mode was chosen when T B Tsp. The fan turned on

to provide cooling when the temperature rose above the

predetermined value (Tsp) of 60 �C (Ekinci et al. 2004)

with a differential of 0.4 �C. Qmax was continuously

Fig. 1 Experimental setup used

for composting

Table 2 Composting mixtures

(dry basis) and set values of C/N

ratios

OST-1 OST-2 OST-3 ODT-1 ODT-2 ODT-3 OT

OP (%) 52.26 81.16 96.68 5.00 47.36 92.18 98.83

SS (%) 32.70 12.41 1.51 – – – –

DM (%) – – – 67.07 36.79 4.75 –

TS (%) 15.04 6.43 1.81 27.93 15.85 3.07 1.17

C/N 20 30 40 23 30 40 42

OST-1, OST-2, OST-3: Mixtures which have olive pomace, sewage sludge and tomato stalks at the ratio of

C/N 20, 30 and 40, respectively. ODT-1, ODT-2, ODT-3: Mixtures which have olive pomace, dairy manure

and tomato stalks at the ratio of C/N 23, 30 and 40, respectively. OT: Mixture which has olive pomace and

tomato stalks at the ratio of C/N 42
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applied by the controller to cool down the compost mass

when T[ Tsp.

Analytical methods

Composting experiments lasted for 32 days. Mixing was

performed on the 7th and 14th days of composting.

Duplicate compost samples were taken at the beginning,

on the 7th and 14th days and the end of the composting

process for physical and chemical analysis. Moisture

content of fresh samples was determined after the sam-

ples were dried at 70 ± 5 �C for 3 days, and organic

matter content of dry samples was analyzed after incin-

erating the samples at 550 �C as recommended by the

US Department of Agriculture and the US Composting

Council (USCC 2002). pH and EC of the fresh samples

were extracted by shaking at 180 rpm for 20 min at a

solid/water ratio of 1:10 (w/v) and were measured using

pH and EC meters (Models WTW pH 720 and WTW

Multi 340i), respectively. TC and TN content were

analyzed via elemental analyzer (Vario MACRO CN

Elemental analyzer). TP was analyzed by the stannous

chloride method using a spectrophotometer (Model DR

5000) after nitric acid-perchloric acid digestion, and also

heavy metal (Cd, Cr, Cu, Zn, Ni, and Pb) concentrations

were analyzed by the nitric acid-perchloric acid digesting

procedures (APHA 1998), and measured using ICP-MS

(Model NexION 300X, Perkin Elmer). Concentration of

K was analyzed using Fast Sequential Atomic Absorp-

tion Spectrometer (VARIAN, AA240FS Model). NHþ
4 �

N and NO�
3 � N were determined via DR 5000 spec-

trophotometer after the samples were extracted with 2 M

KCl (Mulvaney 1996). BD (kg l-1) variation was

determined by dividing the total dry weight of material

to total material volume in each reactor. Change (%) in

dry matter (DDM), OM (DOM), TC (DC), TN (DN), C/N

ratio (DC/N), TP (DP), K(DK), NHþ
4 � N ðMNHþ

4
�NÞ and

NO�
3 � N ðMNO�

3 �NÞ was calculated based on initial and

final values of dry matter and their corresponding con-

centrations. For example, the change (%) in TC (DC) was

calculated as follows:

DCð%Þ ¼ 1� md hð Þ � TC hð Þ
md 0ð Þ � TC 0ð Þ

� �� �
100 ð1Þ

where md(0) and md(h) are the compost dry mass (kg) at

initial and final times, respectively. TC (0) and TC (h) are
the TC concentrations at initial and final time, respectively.

All data concerning DDM, DOM, DC, DN, DC/N, DP, DK,

MNHþ
4
�N, and MNO�

3 �N were submitted for statistical anal-

yses using Minitab (Minitab Inc., USA) for ANOVA. The

mean and standard deviations of the two replicates were

reported for all measured parameters. Tukey test was

performed to compare the differences. Statistical signifi-

cance was defined as P\ 0.05.

Results and discussion

Temperature pattern

The temperatures in the reactor were measured at three

different locations and temperature changes in the midpoint

are presented in Fig. 2. While the highest recorded tem-

perature for OT was 35 �C, the highest temperature for the

mixture consisting of SS was obtained for OST-1 having

the highest sludge ratio with the initial C/N ratio of 20. The

mixture with the initial C/N ratio of 30 (ODT-2) among the

mixtures consisting of DM yielded the highest temperature.

Temperature rose very quickly right after manual mix-

ing on the 7th day of composting and reached a higher level

in comparison with that of the previous peak due to the

deterioration of the compacted structure by the remixing

process. However, no dramatic temperature increment was

recorded after the remixing on the 14th day of composting

except for ODT-2. The maximum temperature reached in

the reactors, the time to reach maximum temperatures and

the number of days on which they stayed 55 �C are given

in Table 3. It could be stated that the measured temperature

in OST-1 and ODT-2 reached C55 �C, which is required to

kill pathogens (Bernal et al. 2009). Despite the potential of

ODT-2 to reach a higher temperature (60.3 �C), high-flow
ventilation fan kicked into provide evaporative cooling to

control temperature at set value.

The results showed that the temperature development of

OST-2, OST-3, ODT-3, and OT mixtures was not suffi-

cient. Poor temperature development could be due to high

OP content in initial composition of aforementioned mix-

tures. Similar effects were observed in the study of Fer-

nández et al. (2010) for the composting olive mill wastes
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with cattail biomass with mixing ratio of 73 and 27 %

cattail biomass (dry basis), and the highest temperature

measured was approximately 43 �C.

Moisture content

Moisture contents of the mixtures changed due to the

results of organic matter decomposition, mass loss, venti-

lation, ambient humidity and condensation in the head-

space of reactors during composting. In composting, coarse

and fine waste materials usually require moisture content in

the range of 70–75 and 55–65 %, respectively (Lim et al.

2016; Wu et al. 2014b). Although the set value of initial

moisture content of the mixtures was planned as 60 % w.b.

in this study, they varied due to the low moisture-holding

capacity of OP resulting from the presence of the structural

component of the olive stone. Therefore, while the ratio of

OP in the mixtures increased, thus increasing initial C/N

ratio, the initial moisture contents of OST-1, OST-2, and

OST-3 varied as 61.1, 53.5, and 48.5 %, respectively,

while those of ODT-1, ODT-2, and ODT-3 varied as 74.7,

65.6, and 53.0 %, respectively. It can be concluded that

increasing the ratio of OP in the mixtures decreased the

initial and final moisture contents of the mixtures (Fig. 3).

As can be seen from Table 4, although the decline of final

moisture content of mixtures was expected, the results put

forth that there was no significant change or even a partial

increase in the final moisture content in some reactors. This

phenomenon could be attributed to the fact that

condensation within the headspace of the reactor accumu-

lated moisture in the upper layer of composting and

humidity of ambient air was transferred to the compost

matrix by the aeration system. According to Tosun (2003),

when dry mass loss due to the rate of decomposition of

organic matter was less than water loss from composting,

an increase in the final moisture content of the mixture

could be observed. A strong relationship between the initial

and final moisture contents of mixtures was correlated

(R2 = 0.989). The highest dry matter loss (DDM) occurred

for ODT-1 with 32 % (Tables 4, 5).

Organic matter content

The organic matter contents of the mixtures were high due

to organic matter contents of the materials used. The initial

and final organic matter contents increased with the

increase in the ratio of OP in the mixtures. The results

indicated a strong relationship (R2 = 0.959) between the

initial and final organic matter contents. A significant

change in the level of organic matter for the mixtures,

OST-2, OST-3, ODT-3, and OT was not observed due to

the high olive stone structure of OP. On the other hand,

ODT-1 and ODT-2, which were high in DM content and

OST-1 containing high SS had a significant decline in the

final organic matter content (Fig. 4). Organic matter losses

(DOM) were calculated for ODT-1 (35.0 %), OST-1

(22.7 %), and ODT-2 (21.2 %) (Tables 4, 5). Rihani et al.

(2010) reported that it was difficult to degrade OP and TS

by microorganisms due to the structure of cellulose and

lignin content. This is because cellulose provides strength

over the cell walls, whereas lignin acts as a protective

barrier with impermeability and immunity to prevent an

attack from the microorganisms (Loow et al. 2015).

Organic matter decomposition occurred usually in the first

15 days of composting.

pH and electrical conductivity

pH influences the growth and development of microor-

ganisms (Muktadirul Bari Chowdhury et al. 2013).

Although the optimum pH ranges from 5.5 to 8.0, micro-

bial activity also continued between 6.7 and 9.0. Most of
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Table 3 The maximum temperature reached in the reactors, the time to reach maximum temperatures, and the number of days on which they

stayed C55 �C

OST-1 OST-2 OST-3 ODT-1 ODT-2 ODT-3 OT

The maximum temperature reached (�C) 58.6 33.4 48.6 53.1 60.3 39.1 35.0

The time to reach maximum temperatures, days 8.57 10.06 9.60 3.68 9.18 10.49 10.74

The number of days stayed C55 �C, days 1.41 – – – 3.24 – –
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the composting materials were in this pH range, so the pH

was usually not a major factor. However, it was an

important parameter for the control of ammonia losses

(Bernal et al. 2009). Changes of pH in all reactors during

the experiment are shown in Fig. 5. Since the pH of raw

materials was between 6.1 and 8.6, consequently the initial

pH of the mixtures varied. The final pH values in all the

reactors (average 8.6) ended up to be above 8.0. Although

pH decreased in some reactors due to the formation of CO2

and organic acids (Sharma et al. 1997; Lim et al. 2011), it

increased again during the process. Ammonia formation

occurs as a consequence of ammonification of organic

nitrogen due to intense microbial activity and organic

matter degradation during the early stage of composting;

consequently, the dissolution of ammonia leads to the

formation of ammonium and an increase in pH (Sánchez-

Monedero et al. 2001). In addition, the increase of pH

could be attributed to degradation of short-chain fatty acids

(Lim et al. 2014).

EC indicated the presence of soluble salts in the com-

post mixture. EC reflects the salinity of an organic

amendment, in which high salt concentration may cause

phytotoxicity (Shak et al. 2014). EC values vary depending

on the type of olive oil wastes and use of porous materials

(Muktadirul Bari Chowdhury et al. 2013). EC values

measured during the composting process in all mixtures are

shown in Fig. 6. As can be seen from the figure, EC values

varied according to the type and mixing ratios of starting

materials. The initial and final EC values decreased as the

amount of OP with the lowest EC values among the raw

Table 4 Physico-chemical

properties of initial and final

stage of composting process

OST-1 OST-2 OST-3 ODT-1 ODT-2 ODT-3 OT

MC (%)

Initial 61.1 53.5 48.5 74.7 65.6 53.0 47.5

Final 64.4 55.1 45.1 81.6 69.1 51.5 41.9

OM (%)

Initial 85.3 89.1 94.0 83.5 86.0 93.6 92.9

Final 80.5 89.6 94.1 80.1 83.8 93.6 91.7

pH

Initial 6.0 6.1 6.5 8.9 8.9 8.2 6.9

Final 8.5 8.4 8.2 8.7 8.7 9.0 8.4

EC (dS m-1)

Initial 3.8 2.0 1.0 4.0 4.0 1.4 0.7

Final 2.5 1.6 0.7 4.6 3.3 1.0 0.9

C/N

Initial 20.00 30.00 40.00 23.00 30.00 40.00 41.28

Final 17.10 23.19 29.36 18.70 24.86 34.56 34.13

BD (kg l-1)

Initial 0.30 0.40 0.45 0.16 0.20 0.37 0.45

Final 0.31 0.42 0.40 0.15 0.20 0.37 0.43

NH4
? - N (mg kg-1)

Initial 129 61 26 34 29 15 14

Final 42 13 11 16 13 10 9

NO3
- - N (mg kg-1)

Initial 135 115 110 353 305 258 175

Final 169 133 146 580 395 279 200

TP (mg kg-1)

Initial 3100 1797 549 4623 3410 852 515

Final 3516 1749 752 6111 3870 870 551

K (%)

Initial 0.79 0.62 0.50 1.13 1.17 1.08 0.59

Final 0.85 0.60 0.54 1.38 1.27 1.07 0.60
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materials in the mixture increased. Furthermore, the

increase in the amount of TS in the initial mixtures led to

an increase in the initial and final EC values due to TS

having a higher EC value. Accordingly, while the highest

initial and final EC values were measured for ODT-1

(4.0–4.6 dS m-1), the lowest was found for OT (0.7–0.9 dS

m-1). A high correlation with R2 of 0.835 between the

initial and final EC values was determined when all mix-

tures were taken into consideration (ECfinal = -0.0875 ?

0.9001�ECinitial). Although the EC values were expected to

be high due to the reduction in the total mass of compost at

the end of the process (Gigliotti et al. 2012), final EC
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values were low in some cases because of the washing

effects resulting from the addition of water to compost

matrix (Paredes et al. 2002; Abid and Sayadi 2006;

Hachicha et al. 2009; Makni et al. 2010).

C/N ratio

C/N ratios were measured at the beginning and end of the

composting process (Table 4). Since OP had the highest

C/N ratio among the raw materials, the increase in the

amount of OP in the initial mixtures led to an increase in

the initial C/N ratios. C/N ratios in all reactors decreased to

the range of 17.1–34.6 at the end of process. These values

were consistent with the values determined for TPOMW

composting (Sellami et al. 2008). Carbon content of the

compost decreased as the degradation process continued

due to carbon loss in the form of CO2 emission and the

nitrogen content increased, thus eventually leading to a

decrease in C/N ratios of the mixtures (Raj and Antil

2011). The highest change in TC (DC) and TN (DN) existed

for ODT-1 with 34.3 and 19.0 %, respectively, thereby

leading to the highest reduction in C/N (DC/N) for ODT-1

with 18.8 % (Tables 4, 5). Even though the final C/N ratio

is considered to be indicators of stability of the compost,

this parameter is not a good indication due to substantial

variations in the raw material properties (Muktadirul Bari

Chowdhury et al. 2013).

Ammonium nitrogen and nitrate nitrogen

The initial andfinalNHþ
4 � Nvalues are listed inTable 4.The

NHþ
4 � Ncontents of all themixtures at the end of experiment

decreased. The highest change in NHþ
4 � N ðMNHþ

4
�NÞ was

calculated for OST-2 with 80.0 % (Tables 4, 5). Similarly,

Gao et al. (2010) determined that NHþ
4 � N contents of

compost mixtures decreased at the end of experiment

(62 days) for chicken manure and sawdust composting. Ber-

nal et al. (1998) conducted composting of sewage sludge,

cotton waste, maize straw, olive mill wastewater, pig slurry,

poultry manure, sweet sorghum bagasse, and city refuse and

found that the final NHþ
4 � N content of composting of sew-

age sludge ? maize straw ? olive mill wastewater as

661 mg kg-1. The resultant NHþ
4 � N content for the

remainder of the mixtures was lower than 400 mg kg-1,

which is proposed by Zucconi and de Bertoldi (1987). A

strong relationship between the initial and final NHþ
4 � N

content of mixtures was examined (R2 = 0.901).

Table 4 presents the initial and final NO�
3 � N content

of mixtures. Since TS had the richest NO�
3 � N content

among the raw materials, the initial and final NO�
3 � N

contents of ODT-1 were higher than those of the other

mixtures. An increase was observed in the NO�
3 � N con-

tent of all mixtures at the end of the experiment. Further-

more, the highest change in NO�
3 � N ðMNO�

3 �NÞ was

calculated for ODT-1 with -11.6 % (Tables 4, 5). Like-

wise, Rasapoor et al. (2009) found that NO�
3 � N content

of final compost made from municipal wastes increased at

the end of the experiment. Regression analysis between the

initial and final NO�
3 � N content of the mixtures yielded a

strong relationship (R2 = 0.915).

Total phosphorous and potassium

TP indicates the agronomic potential for crop production

because phosphorus is an important nutrient required for

photosynthesis, energy transfer within plants as well as for

good flowering and fruit growth (Lim et al. 2015b). TP

values at the beginning and end of the composting process

are listed in Table 4. The increase in the amount of OP and

the decrease in the amount of SS led to a decrease in the TP

values in the mixtures. The TP values of all the mixtures at

the end of the experiment increased. Regression analysis

between the initial and final TP values put forth a strong

relationship (R2 = 0.981). The final TP values in this study

were slightly lower than those (0.53–0.85 %) reported by

Hachicha et al. (2009) for exhausted olive cake ? poultry

manure ? olive mill wastewater composting. This could

be attributed to the differences in TP concentrations of raw

materials used in the compost.

Table 4 presents the initial and final K content of mix-

tures. The results showed that final K concentrations of all
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the mixtures increased. The similar trend was observed

from the study of Rasapoor et al. (2009). Regression

analysis between the initial and final K values of the

mixtures yielded a strong relationship (R2 = 0.948).

Change of compost mass and volume

BD values of mixtures at the initial and final stages of

composting process are shown in Fig. 7. Although BD is

expected to increase at the end of the composting process,

decrease in these values for OST-3, ODT-3, and OT was

recorded depending on the amount of OP used in the

mixtures. Farah Nadia et al. (2015) reported that the

decrease in BD values of the finished compost may be due

to significant changes in mass and volume of the compost

mixtures. Breitenbeck and Schellinger (2004) stated that

the reduction in the volume of compost due to the degra-

dation of organic matter during composting may be due not

only to weight loss but also the existence of the smaller

particles as a result of the deterioration of the structure of

organic compounds.

Reduction of mass and volume of mixtures at the initial

and final stages are given in Fig. 7. It was observed as a

result of the figure analysis that mass and volume losses

took place in close proximity. Recorded mass and volume

losses in all mixtures in descending order can be listed as

ODT-1, ODT-2, OST-1, OST-2, ODT-3, OST-3, and OT.

This sequence also put forth the increasing and decreasing

share of OP and TS in the mixtures, respectively. In other

words, the rates of decomposition increased with increas-

ing share of TS in the mixtures and the increase in the

amount of OP in the mixtures reduced the decomposition

rates as shown in Fig. 8. High correlations between mass

and volume losses and the ratio of materials used in the

mixtures were determined with regression parameters

(slope and intercept values) and the coefficient of

determination.

Heavy metal content of composts

Heavy metal contents of the finished compost are sum-

marized in Table 6. The most abundant heavy metal was

Zn, but all values were below those put forth by Turkish

regulations (OG 2014). Final heavy metal concentrations of

all OST mixtures were higher than those of ODT and OT

mixtures due to the presence of SS in their compositions.

Final heavy metal contents were in accordance with the

ratio of raw materials used in the initial mixtures and were
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Table 6 Heavy metal content in the final composts

Turkish regulation (OG 2014) OST-1 OST-2 OST-3 ODT-1 ODT-2 ODT-3 OT

Pb (mg kg-1) 150 1.30 0.90 0.60 0.90 0.70 0.50 9.20

Cd (mg kg-1) 3 1.30 0.90 0.60 0.90 0.70 0.50 1.80

Cr (mg kg-1) 350 35.20 10.60 13.40 19.30 11.90 14.30 24.50

Cu (mg kg-1) 450 73.60 31.50 23.20 83.60 47.70 21.50 31.50

Ni (mg kg-1) 120 22.80 11.80 8.90 16.90 13.20 9.30 15.20

Zn (mg kg-1) 1100 307.00 127.10 48.20 211.80 106.80 40.30 54.00

Int. J. Environ. Sci. Technol. (2016) 13:1207–1218 1215

123



shown to increase due to the loss of mass that occurs during

composting. Many works on composting put forth that

heavy metal concentrations of raw materials and the type of

composting systems were reported to be of great impor-

tance (Zorpas and Loizidou 2008; Rihani et al. 2010).

Fernández et al. (2010) determined final Zn and Cu con-

centrations of 154 and 79 mg kg-1, respectively, for the

composting olive mill wastes (38 %, dry basis), sewage

sludge (44 %) with cattail biomass (18 %). In this study,

final Zn and Cu concentrations were measured as 127.10

and 73.60 mg kg-1.

Conclusion

Compostability potential of olive pomace, sewage sludge,

and dairy manure with tomato stalks as porous material at

different C/N ratios at certain FAS value was evaluated

based on temperature change, organic matter content, and

mass and volume losses. The mixtures could be summa-

rized based on organic matter losses in descending order

as: ODT-1 (35.0 %), OST-1 (22.7 %), and ODT-2

(21.2 %); dry matter losses: ODT-1 (32.2 %), ODT-2

(19.1 %), and OST-1 (18.1 %); volume losses: ODT-1

(28.3 %), ODT-2 (21.2 %), and OST-1 (21.2 %). Accord-

ingly, the best performance was obtained from ODT-1 with

C/N ratio of 23. On the other hand, OST-1 and ODT-2 with

the similar SS and DM ratios in the mixture also had

similar decomposition levels. These mixtures (OST-1,

ODT-1, and ODT-2) reached thermophilic temperature

levels. The increase in the amount of OP used in the

mixtures had adverse effects due to the olive stone struc-

ture. On the other hand, the increase in the TS ratio of the

mixtures had a positive effect due to its porous structure.

High correlations between mass and volume losses and the

ratio of materials used in the mixtures were determined.

Results showed that when the share of OP in the mixture

was lower than 50 % based on dry basis, the use of SS and

DM in the mixtures yielded better composting results.

Heavy metal values of compost obtained were below the

national standards. In conclusion, disposal of olive oil

processing wastes with the DM and the SS through com-

posting could be considered as a good alternative.
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