


A comparative study of compost and it's raw material olive mill solid waste 

[bookmark: _GoBack]Abstract –Olive oil processing mills produces huge amount of waste like olive mill solid waste and olive mill waste water. For management of this waste, we need to analyze them. In this research paper, we analyzed OMSW and compost. Physicochemical parameters such as pH, EC, Total organic carbon, nitrogen, C/N ratio, phosphorous and micronutrients were determined in OMSW and compost. OMSW analysis showed that it is a nutrient rich compound like potassium, carbon, iron, zinc. It contains high amount of organic carbon which can be toxic for plants. We recycled OMSW through composting. The resultant compost has slightly alkaline pH, rich in organic carbon, macronutrients N, P, K and micronutrients iron, copper, zinc and manganese. The comparative study demonstrated that the mature compost has significant reduction in organic pollutants and increases level of nutrients availability.
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1. Introduction
Oil processing industries possess serious environmental challenges for management of the huge amount of the agricultural waste generation [1]. Mainly two types of waste are generated by oil processing mills- Waste water effluent and solid oil waste [2]. Conventional disposal strategies of agricultural oil cake waste can lead to environment pollution. This waste contains high organic carbon, which shows toxic effects on soil [3]. Composting is an aerobic process in which these organic rich compounds are transformed into a valuable nutrient-rich organic amendment material [4]. Making compost from oil cake is an alternative way to reduce environment pollution. It is useful for sustainable agriculture practices and waste management [5]. Compost improves soil fertility and structural stability [6]. For the management of olive mill solid waste, it can be recycled as organic fertilizer [7]. The previous research analysis study showed that olive mill solid waste has effective amounts of nutrients like total organic carbon, potassium, nitrogen, calcium, magnesium, iron, copper, manganese and zinc [8].
Olive oil production is the main activity of Mediterranean countries [9]. It is a new and emerging sector in India. Rajasthan state achieved first olive oil refinery in India. Olive oil refinery is located at Lunkaransar block of Bikaner district, Rajasthan [10]. Two phase centrifugation technique is used for olive oil extraction. After processing olive oil, large amounts of waste products are generated like olive mill waste water and olive mill solid waste [11]. These massive waste products are dumped in open land behind the refinery. These are going to be collected every year. The untreated waste material can pollute soil. For protecting environment, sustainable development and reduce pollution, it is important to recycle these waste products into valuable resources [12]. 
The research framework is designed to implement an innovative waste recycling method for management of olive mill waste. The present study aims to evaluate the physicochemical characteristics and nutrient availability of OMSW and agronomic potential of compost which derived from olive mill solid waste of olive oil refinery Lunkaransar.


2. Material and Methods-
In our study physicochemical analysis of olive mill solid waste and physicochemical analysis of compost are done. 
2.1 Sampling of OMSW- The sample of olive mill solid waste were taken from olive oil refinery Lunkaransar waste disposal site. OMSW samples were collected in March month. All samples were immediately transported to the laboratory for analysis.
2.2 Preparation of Compost - Compost was prepared by olive mill solid waste. Pit method was used for making compost. For compost preparation 75% OMSW, 15% cow manure, 5% olive leaves and 5% soil were mixed in a compost pit. Moisture and air were maintained weekly regularly. Compost was matured in 3-4 months. The samples of prepared compost were collected & analyzed in laboratory.
2.3 Analysis of OMSW and compost- Following parameters were analyzed in OMSW and compost-
1. pH- Potentiometric method (IS2720, part26:1987)
It is the measurement of negative log of hydrogen ion concentration of sample. pH meter was used for analysis.
2. Electrical Conductance- Conductimetric method (IS14767:2000)
It is the measurement of ability of a solution to carry an electric current, which is directly proportional to the number of dissolved salt & ions present in solution. EC meter was used for analysis.
3. Moisture- Gravimetric method or Oven dry (AOAC,1999)
It is determined by the difference between initial weight and oven dry weight.
4. Total Organic carbon- Walkley Black method (IS2720, part 22:1972)
The compost and OMSW sample were oxidized by potassium dichromate in the presence of Conc. H2SO4. The unreduced rest dichromate is back titrated against FAS.
5. Total Nitrogen- Kjeldahl method (IS 14684:1999)
Kjeldahl method is used for determination of total nitrogen present as organic and inorganic form like ammonium, nitrate, nitrite in the sample.
6. Potassium- Flame photometer (IS2720, part 26:1987)
The olive mill solid waste and compost sample were introduced in flame. The intensity of emitted light is directly proportional to the concentration of sample. For potassium, the characteristic wavelength is around 766.5 nm.
7. Phosphorous- Olsen method (FAO, 2021)
For phosphorous determination in olive mill solid waste and compost Olsen method was used. 
8. C/N ratio- The ratio of Total Organic Carbon and Total Nitrogen in OMSW and Compost were determined.
9. Micronutrients- AAS method (IS 14684:1999)
Micronutrients Iron, Copper, Zinc and Manganese present in OMSSW and compost were analysed by AAS method. 
3. Result and Discussion-
Olive mill solid waste and compost physicochemical analysis are presented in table 1 and table 2 and graphs respectively. 
Table 1 Physicochemical analysis of olive mill solid waste
	Sr. No.
	Parameter
	1
	2
	3
	4

	1. 
	pH
	6.5
	6.4
	6.5
	6.5

	2. 
	EC (mS/cm)
	1.10
	1.89
	1.19
	1.39

	3. 
	Moisture (%)
	8.9
	7.4
	7.13
	5.2

	4. 
	TOC (%)
	49.49
	48.7
	51.84
	50.84

	5. 
	TN (%)
	1.49
	1.59
	1.58
	1.35

	6. 
	C/N ratio
	33.21
	30.62
	32.81
	37.65

	7. 
	Phosphorous (mg/kg)
	Not Detected

	8. 
	Potassium(g/kg)
	3.7
	3.7
	2.7
	2.9

	9. 
	Iron(mg/kg)
	110.17
	111.17
	110.20
	115.20

	10. 
	Manganese (mg/kg)
	6.2
	6.1
	6.4
	6.4

	11. 
	Zinc(mg/kg)
	9.25
	7.20
	7.10
	7.95

	12. 
	Copper(mg/kg)
	6.2
	6.01
	7.08
	7.01



Table 2 Physicochemical analysis of compost
	S.No.
	Parameter
	Sample No.

	
	
	1
	2
	3
	4

	1. 
	pH
	7.2
	7.3
	7.3
	7.3

	2. 
	Moisture (%)
	39
	38
	37
	36

	3. 
	EC (mS/cm)
	1.10
	1.11
	1.10
	1.11

	4. 
	TOC (%)
	40.1
	40.6
	41.2
	40.0

	5. 
	TN (%)
	2.20
	2.20
	2.00
	2.12

	6. 
	C/N Ratio
	18.22
	18.45
	20.60
	18.86

	7. 
	Potassium (g/Kg)
	3.6
	3.4
	3.3
	3.6

	8. 
	Phosphorous (mg/Kg)
	8.5
	8.5
	8.6
	8.2

	9. 
	Iron (mg/Kg)
	122
	119
	121
	118

	10. 
	Copper (mg/Kg)
	15
	14.2
	15
	16

	11. 
	Zinc (mg/Kg)
	20.2
	20.2
	19.3
	21

	12. 
	Manganese (mg/Kg)
	22
	21.7
	21.5
	20.8



Table 3  Mean value of olive mill solid waste
	Sr. No.
	Parameter
	Mean

	1.
	pH
	6.4

	2.
	EC (mS/cm)
	1.3

	3.
	Moisture (%)
	7.1

	4.
	TOC (%)
	50.3

	5.
	TN (%)
	1.5

	6.
	C/N ratio
	33.5

	7.
	Phosphorous (mg/kg)
	0

	8.
	Potassium(g/kg)
	3.3

	9.
	Iron(mg/kg)
	112

	10.
	Manganese (mg/kg)
	6.2

	11.
	Zinc(mg/kg)
	7.8

	12.
	Copper(mg/kg)
	6.5











Table 4 : Mean value of compost
	Sr. No.
	Parameter
	Mean

	1.
	pH
	7.3

	2.
	EC (mS/cm)
	1.1

	3.
	Moisture (%)
	38

	4.
	TOC (%)
	40

	5.
	TN (%)
	2.1

	6.
	C/N ratio
	19.0

	7.
	Phosphorous (mg/kg)
	8.5

	8.
	Potassium(g/kg)
	3.5

	9.
	Iron(mg/kg)
	120

	10.
	Manganese (mg/kg)
	21.4

	11.
	Zinc(mg/kg)
	20.0

	12.
	Copper(mg/kg)
	15.1



                                           







The comparative study of prepared compost and its raw material olive mill solid waste provide information of nutrient availability. Our research study results were compared with standard parameters of Fertilizer Control Order-1985 and bio and organic manure, Govt. of India, guidelines.
1. pH- The result data showed that OMSW has slightly acidic pH 6.4 (table 3). From table 4, pH mean value for mature compost was observed 7.3. Graph 1 describes; Compost has neutral to slightly alkaline pH. pH of compost was increased due to the composting of omsw. The microorganism present in soil, cow manure enhanced the degradation of omsw. The mature compost pH is more favorable for plant growth rather than OMSW pH. Due to low pH of olive mill solid waste, we cannot use directly this waste as agriculture fertilizer. Compost pH value was in the permissible limit of FCO guideline. 
2. EC- From Table 3, 4, mean value of EC for OMSW was 1.3 mS/cm and for compost was 1.1 mS/cm. Graph 1 showing the conservation of EC of omsw & compost. During composting, microorganisms absorb nutrients and increases their biomass, so the compost EC is obtained low. Our result data confirmed that EC of mature compost was lower than olive mill solid waste. Compost EC indicates lower salinity and minimal risk of soil salination. Compost EC was in the permissible limit of FCO guideline. 

   
Graph: 1: The conservation of EC and pH value of OMSW & Compost

   
  Graph: 2: Moisture content, TOC and C/N ratio in OMSW & Compost
3. Moisture- From Table 3 and 4, mean value of moisture was found 7.1 % in omsw and 38% for compost. Graph 2, Moisture in mature compost was observed high compare to OMSW. High moisture is effective in degradation and maturation of compost.
4. TOC- Mean value of total organic carbon in OMSW was 50.3 % and 40% in compost. (table 3 and 4). Graph 2 describes that TOC of olive mill solid waste was higher compare to compost. Total organic carbon was improved in compost and decreased; it supports use as organic fertilizer. After composting, Olive mill solid waste was decomposed by microorganisms, so compost organic carbon was low. 
Previous researchers also found that commercial organic fertilizer prepared from OMSW was rich in organic matter and nutrients [13].
TOC of omsw is higher from the standard permissible limit of FCO guidelines. Direct use as soil embedment it will cause soil pollution. We can reuse omsw after composting. In this way, the recycling of omsw as compost preparation will prove useful in the management of solid waste of the refinery and also beneficial in reducing soil pollution.
5. C/N ratio- Table 3, 4 mean value of C/N ratio for OMSW was 33.5 and for compost was 19.0. Graph 2 showed the changes of C/N ratio of omsw and compost. A lower C/N ratio showed effectiveness of quality of compost. Due to microbial respiration in composting period, carbon content decreases and organic carbon is released as carbon dioxide. Nitrogen content increases due to the microbial biomass growth. Hence C/N ratio was found lower in compost. Increased nutrient levels and reduced C/N ratio confirmed compost stability. Such a balanced C/N ratio of mature compost promotes bioavailability of nutrients for plants.

    
 	Graph 3: Total Nitrogen and Phosphorus content in OMSW & Compost

  
Graph 4: Potassium content in OMSW & Compost
6. Macronutrients- Graph 3 and 4 describes that this compost was enriched with macronutrient– Nitrogen, Phosphorous and Potassium. 
Total Nitrogen- Table 2, 3 showed that Nitrogen content in OMSW was 1.5% and for compost 2.1%. TN in compost showed a significant increase. OMSW has low nitrogen concentration, but adding of cow manure, mature compost nitrogen level was increased. Microbial activity also accelerates the decomposition of omsw. The availability of organic matter, microbial biomass are rapidly growth. Hence Nitrogen level was increased in compost. TN level in compost was in the permissible limit of FCO guidelines. 
Phosphorus- Phosphorous was not found in OMSW but in compost the mean value of phosphorous was found 8.5 mg/kg (table 3 and 4). Graph 3 showed that phosphorous is not detected in any of the omsw sample. Compost has sufficient amount of phosphorous due to the adding of cow manure.
Potassium- The mean concentration of potassium was found 3.3 g/kg in OMSW and in compost 3.5 g/kg (table 3, 4). Graph 4 showed that Olive mill solid waste is rich in potassium. It has effective amount of potassium concentration which can be useful as fertilizer. 
All Macronutrients concentration are in the standard minimum required conc. limit. Compared to raw waste material, compost showed enhanced nutrient content. From our result data we can say that the compost will be beneficial in agriculture.
The earlier study of compost derived from olive mill solid waste showed that the soil fertility of compost amended soils were produced a significant increase in olive oil content in plants and quality of olive fruits [14].


Graph 5: Iron, Manganese, Zinc, Copper Content in OMSW & Compost
  Micronutrients- From table 1, 2, The mean value of Iron was 112 mg/kg in OMSW and 120 mg/kg in compost, manganese was 6.2 mg/kg in OMSW and 21.4 mg/kg in compost, zinc was 7.8 mg/kg in OMSW and 20 mg/kg in compost and copper was found 6.5 mg/kg in OMSW and 15.1 mg/kg in compost. Graph 5 showed the micronutrients levels in omsw and compost. The result data showed that after making compost, micronutrient concentration was increased. Our research study demonstrates that the micronutrient levels were in the optimum concentration in compost. 
4. Conclusion
Our study successfully investigates the nutrient profile of compost. Our research study demonstrates that mature compost showed enhancement of nutrients compared to raw material olive mill solid waste. Compost neutral pH, acceptable EC, increased levels of macro and micronutrients were highlighted the good quality nature of compost. This compost will useful in agricultural practices. Our research study suggests a good management idea to reuse the olive mill waste as compost preparation. Our finding can contribute in future contribution to use of the compost in olive groves and beneficial as soil fertiliser. We can use it in olive cultivated farms, which are grown in a very large area behind the refinery. The crop production of olive trees can be increased. 
This utilization of olive mill solid waste as compost supports the low cost environmentally benign solution. The proposed recycling method will be useful for olive mill solid waste management and reduce environmental impact and improve resources recovery.		
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Macronutrients : TN and P

1	TN % (omsw)	TN % (compost)	P   mg/kg (omsw) 	 P   mg/kg (compost) 	1.49	2.2000000000000002	0	8.5	2	TN % (omsw)	TN % (compost)	P   mg/kg (omsw) 	 P   mg/kg (compost) 	1.59	2.2000000000000002	0	8.5	3	TN % (omsw)	TN % (compost)	P   mg/kg (omsw) 	 P   mg/kg (compost) 	1.58	2	0	8.6	4	TN % (omsw)	TN % (compost)	P   mg/kg (omsw) 	 P   mg/kg (compost) 	1.35	2.12	0	8.1999999999999993	


Macronutrients : K

1	Potassium g/kg (omsw)	Potassium g/kg (compost)	3.7	3.6	2	Potassium g/kg (omsw)	Potassium g/kg (compost)	3.7	3.4	3	Potassium g/kg (omsw)	Potassium g/kg (compost)	2.7	3.3	4	Potassium g/kg (omsw)	Potassium g/kg (compost)	2.9	3.6	


Micronutrients

1	Fe(mg/kg) omsw	Fe(mg/kg) compost	Mn(mg/kg) omsw	Mn(mg/kg) compost	Zn(mg/kg) omsw	Zn(mg/kg) compost	Cu(mg/kg) omsw	Cu(mg/kg) compost	110.17	122	6.2	22	9.25	20.2	6.2	15	2	Fe(mg/kg) omsw	Fe(mg/kg) compost	Mn(mg/kg) omsw	Mn(mg/kg) compost	Zn(mg/kg) omsw	Zn(mg/kg) compost	Cu(mg/kg) omsw	Cu(mg/kg) compost	111.17	119	6.1	21.7	7.2	20.2	6.01	14.2	3	Fe(mg/kg) omsw	Fe(mg/kg) compost	Mn(mg/kg) omsw	Mn(mg/kg) compost	Zn(mg/kg) omsw	Zn(mg/kg) compost	Cu(mg/kg) omsw	Cu(mg/kg) compost	110.2	121	6.4	21.5	7.1	19.3	7.08	15	4	Fe(mg/kg) omsw	Fe(mg/kg) compost	Mn(mg/kg) omsw	Mn(mg/kg) compost	Zn(mg/kg) omsw	Zn(mg/kg) compost	Cu(mg/kg) omsw	Cu(mg/kg) compost	115.2	118	6.4	20.8	7.95	21	7.01	16	


OMSW v/s Compost

Column1	pH (omsw)	pH (compost)	EC mS/cm (omsw)	EC mS/cm (compost)	6.5	7.2	1.1000000000000001	1.1000000000000001	Column2	pH (omsw)	pH (compost)	EC mS/cm (omsw)	EC mS/cm (compost)	6.4	7.3	1.89	1.1100000000000001	Column3	pH (omsw)	pH (compost)	EC mS/cm (omsw)	EC mS/cm (compost)	6.5	7.3	1.19	1.1000000000000001	Column4	pH (omsw)	pH (compost)	EC mS/cm (omsw)	EC mS/cm (compost)	6.5	7.3	1.39	1.1100000000000001	


OMSW v/s Compost

1	Moisture % omsw	Moisture % compost	TOC % (omsw)	TOC % (compost)	C/N ratio (omsw)	C/N ratio (compost)	8.9	39	49.49	40.1	33.21	18.22	2	Moisture % omsw	Moisture % compost	TOC % (omsw)	TOC % (compost)	C/N ratio (omsw)	C/N ratio (compost)	7.4	38	48.7	40.6	30.62	18.45	3	Moisture % omsw	Moisture % compost	TOC % (omsw)	TOC % (compost)	C/N ratio (omsw)	C/N ratio (compost)	7.13	37	51.84	41.2	32.81	20.6	4	Moisture % omsw	Moisture % compost	TOC % (omsw)	TOC % (compost)	C/N ratio (omsw)	C/N ratio (compost)	5.2	36	50.84	40	37.65	18.86	





