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Abstract
 Organic waste from public consumption is 

a	problem	for	waste	management.	The	university	

campus	 in	 Tambol	 Salaya,	 Nakorn	 Prathom	

Province,	a	community	with	a	large	population,	

needed	to	fi	nd	effective	strategies	for	sustainable	

waste	management.	This	study	aimed	to	fi	nd	a	

proper	solution	for	two	major	organic	wastes,	

food and yard wastes. Windrow composting was 

investigated	 at	 different	 conditions	 including	

mixing	ratios	and	aerations	in	the	fi	eld	experiment	

for	8	weeks.	The	organic	wastes	and	composted	

material	samples	were	analyzed	for	physical	and	

chemical	characteristics	including	moisture	content,	

temperature,	pH,	organic	matter,	total	nitrogen,	

total	phosphorus	and	total	potassium.	Two	way	

ANOVA	analysis	and	LSD	post-hoc	test	were	

used	for	statistical	analysis.	The	results	showed	

that food waste had high nitrogen and moisture 

content while yard waste had high organic carbon. 

To	compost	the	organic	materials	without	aeration	

supply	conditions	revealed	signifi	cant	difference	

(p	 <	 0.05)	 in	 higher	 composting	 temperature	

while	the	higher	mixing	ratio	could	signifi	cantly	

increase	(p<0.05)	organic	matter.	The	composting	

was	fi	nished	at	week	8	and	composted	materials	

had	a	lower	temperature	and	neutral	pH.	The	

nutrients,	nitrogen	and	phosphorus	were	increased	

whereas	potassium	was	slightly	decreased,	thus	

they	could	match	with	the	organic	fertilizer	standard.	

The	food	yard	waste	ratio	of	1:1,	without	aeration	

was a suitable organic composting condition. 

The	fi	ndings	can	also	be	used	as	an	application	

criterion for other communities which recycle 

nutrients	back	to	the	environment.
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Introduction
	 Solid	waste	 is	a	major	environmental	

problem	in	many	cities	of	Thailand.	Urbanization	

that	emphasizes	changes	in	population	number	

and	human	activities	is	later	related	to	increased	

solid waste1.	As	a	result,	solid	waste	is	produced	

from	various	urban	activities	such	as	markets,	

department	stores,	residents	and	others.	The	

magnitude of the problem closely relates to 

the	consumption	of	 resources	and	various	

packaging	materials2.

 Organic waste is a major constituent in 

most solid wastes3 and causes a nuisance. 

The	easily	decomposing	property	creates	bad	

odors	and	encourages	a	variety	of	insects	

and	other	vectors.	It	is	also	a	source	of	food	

and	habitat	for	them.	The	high	proportion	of	

organic	waste	mixing	 in	 the	 general	 solid	

waste	would	make	more	limited	conditions	

for	 sanitary	 waste	 disposal.	 Therefore,	 to	

create	 a	 sustainable	 option,	 management	

measures are needed to reduce organic waste 

production and separate it from the general 

waste	 as	much	 as	possible.	 This	will	 not	

only help better management of solid waste 

but	also	conserve	natural	resources.

	 Composting	 is	a	challenging	strategy,	

which	 produces	 organic	 fertilizer	 or	 soil	

conditioner from organic materials. Composting 

organic	substances	over	time	will	then	transform	

it from the original condition to a brown to 

black	powder	that	can	be	used	for	various	

plantation	fi	elds.	The	Windrow	compost	pile	

is a simple pile of material with a more or less 

triangular	cross-section	and	is	an	example	of	

a low technology. A windrow should measure 

less	than	3.0	x	1.5	m.	(wide	x	high),	and	its	

length	will	vary	depending	upon	the	amount	

of materials used4. Aeration generally occurs 

naturally	or	artifi	cially	when	needed.	Materials	

can	be	also	added	as	they	become	available	

to	make	a	proper	sized	pile.

	 Tambol	Salaya,	Nakorn	Prathom	Province	

is	a	community	that	has	rapidly	urbanized	

because	it	has	a	university	campus	and	a	

variety	of	business	surroundings.	Considering	

only	 the	 university	 campus,	 it	 has	 a	 day	

population	of	more	than	25,000	people	and	

a	night	population	of	more	than	5,000.	A	huge	

amount	of	solid	waste,	around	4	tons/day,	

is produced follow increasing population and 

activities.	It	creates	a	waste	generation	rate	

of	0.3	kg/person/day5.	Beside	this,	food	and	

yard waste are major organic wastes6 on 

this campus. Composting these organic 

wastes in a suitable condition is one option 

to	reduce	environmental	problems.

	 The	aim	of	this	study	was	to	investigate	

different compost conditions of food waste 

mixed	with	yard	waste	using	windrow	com-

posting.	 The	 composting	 factors	 included	

mixing	 ratios	 and	aeration	 conditions.	 The	

fi	ndings	were	expected	to	be	a	sustainable	

management solution for both organic wastes. 
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It	 will	 also	 create	 a	 waste	 management	

model for other communities.

Method
Materials

	 A	sample	of	366	kg	of	food	waste	and	

714	kg	of	yard	waste	was	collected	 from	

the	university	campus	area	in	Tambol	Salaya,	

Nakorn	Prathom	Province.

Study site

	 The	composting	process	was	conducted	

at	the	fi	eld	workshop	of	the	Physical	and	

Environment	 Division,	 Mahidol	 University,	

Salaya	Campus.

Experimental setup

	 The	 organic	 wastes	 in	 the	 university	

campus	 were	 sampled	 for	 study.	 It	 was	

designed	as	a	fi	eld	experiment	using	compost	

piles,	3	mixing	ratios;	1:1,	1:2,	and	1:3	(vol./vol.)	

between	food	waste	(FW)	and	yard	waste	(YW),	

and	2	aeration	conditions,	i.e.,	with	and	without	

aeration.	The	treatment	involved	6	experiments	

as	shown	in	Table	1.	They	were	analyzed	

for physical and chemical characteristics 

including	moisture	content,	temperature,	pH,	

organic	matter,	total	nitrogen,	total	phosphorus	

and	 total	 potassium	 from	 the	 fi	rst	 day	of	

composting	until	the	end	at	the	8th	week.

Table 1	Experimental	Treatment.

Treatment Mixing ratio (FW : YW) Condition

A1

A2

A3

A4

A5

A6

1:1

1:2

1:3

1:1

1:2

1:3

With aeration

With aeration

With aeration

Without aeration

Without aeration

Without aeration

Composting

 Composted materials were prepared 

using	food	waste	selecting	only	small	sized	

(less	than	1	inch)	constituents	and	nonbio-

degradable	materials	were	removed	whereas	

yard	 waste	 was	 crushed	 to	 small	 pieces,	

around	1-2	 inches	or	smaller.	The	studied	

materials	 were	 mixed	 composted	 in	 the	

windrow piles according to each treatment 

in	 Table	 1.	 They	maintained	 the	moisture	

content	at	around	60-80%	during	8	weeks	

of composting process7.

Sample collection and analysis

	 The	 temperature	 of	 each	 composting	

pile	was	measured	at	the	experimental	fi	eld	
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daily.	The	other	studied	physical	and	chemical	

characteristics	 including	 moisture	 content,	

temperature,	pH,	organic	matter,	total	nitrogen,	

total	phosphorus,	and	total	potassium	were	

measured	from	the	sampled	compost	materials,	

before	sampling,	and	sample	containers	were	

cleaned	 by	 cleaning	 with	 tap	 water.	 The	

samples were collected from the compost 

pile	at	the	beginning	of	the	pile	row,	middle	

pile row and the end of the pile row with 

30	centimeters	depth.	Samples	were	put	in	

a	zip	lock	bag	and	kept	in	an	ice	bucket	to	

transfer	to	the	laboratory.	They	were	analyzed	

according to standard analytical protocols8.

Statistical analysis

	 Descriptive	statistics	was	used	to	explain	

the physical and chemical characteristics 

of	food	waste	mixed	with	yard	waste	and	

composted	 materials.	 Inferential	 statistics,	

two-way	ANOVA	and	LSD	post-hoc	test	were	

used to determine the statistical relationship 

of parameters.

Results and discussion
1. Food and yard waste characteristics

	 The	initial	characteristics	of	food	and	

yard	waste	were	analyzed.	They	had	moisture	

contents	of	 77.12%	and	24.12%,	pH	6.26	

and	5.47,	organic	matter	(OM)	21.48%	and	

42.96%,	total	nitrogen	(T-N)	2.15%	and	1.5%	

and	carbon	to	nitrogen	ratio	(C/N	ratio)	9.99	

and	28.64,	respectively.	These	properties	were	

suitable to use as raw materials for the 

composting process9.

2. Nutrient mineralization

	 The	 moisture	 content	 of	 composting	

piles	was	controlled	at	60-80%.	The	compost	

piles temperatures were measured daily as 

shown	in	Figure	1.	The	other	characteristics	

such	as	pH,	organic	matter,	total	nitrogen,	

total phosphorus and total potassium at the 

starting day of composting were determined 

as	shown	in	Table	2	and	Figure	2.

Table 2	Initial	Characteristics	of	Composts.

Parameters
Treatments

A1 A2 A3 A4 A5 A6

pH

OM

T-N

T-P

T-K

C/N	ratio

5.52

48.12

1.23

0.64

0.39

39.12

5.48

48.58

1.22

1.02

0.56

39.82

5.49

47.78

1.34

0.61

0.59

35.66

5.52

50.15

1.08

0.53

0.4

46.44

5.48

51.12

0.79

0.44

0.53

64.71

5.5

53.56

1.44

0.66

0.64

37.19
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 Figure 1	Trend	Lines	of	Temperature	Changed	 Figure 2	Trend	Lines	of	pH	changed

	 The	initial	properties	of	the	mixed	food	

and	yard	wastes	obtained	at	different	mixing	

ratios and conditions of composting are 

presented	in	Table	2.	The	overall	characteristics	

of each compost treatment were quite in the 

same	range.	Yard	waste	was	a	major	contri-

bution of carbon source for the composting 

material;	thus,	the	C/N	ratio	of	mixtures	was	

increased according to increasing yard waste 

volume.	These	C/N	ratios	were	suitable	for	

the composting process10.

	 Temperature	is	considered	as	one	im-

portant indicator of the composting process. 

It	directly	relates	to	the	microbial	activities	

with the degradation of organic matter11. 

Temperature	of	all	treatments	(Table	2)	increased	

on	the	fi	rst	day	of	composting	until	the	1st

week.	They	ranged	between	55-65°C. One 

report12 indicated that these temperature 

ranges are necessary to destroy all pathogens. 

They	were	then	decreased	to	near	the	ambient	

temperature.	On	the	other	hand,	the	pH	trend	

lines	 exhibited	 the	 opposite	 change.	 They	

were sharply decreased since the early stage 

of	 composting.	After	 three	weeks,	 the	pH	

values	obtained	were	in	the	alkaline	range,	

around	7.54-8.33,	until	the	end	of	composting	

process	in	weeks	8th as shown in Figure 2. 

The	changing	pattern	of	temperature	and	pH	

meant	 the	 active	 degradation	 of	 organic	

wastes occurred at the 1st	week	and	ended	

at	the	8th	week.	It	highlighted	the	fact	that	

the	compost	pile	began	to	stabilize13.

	 The	measured	nutrients	 in	 this	 study	

included	organic	matter	(OM),	total	nitrogen	

(T-N),	total	phosphorus	(T-P)	and	total	potas-

sium	(T-K).	The	C/N	ratio	was	also	determined.	

Figure	3	shows	the	trend	line	of	these	studied	

parameters. Organic matter was measured at 

every	2	weeks	from	week	0	until	weeks	8.	

Organic matter of all treatments was in the 

range	of	26.82-53.56%.	The	treatment	of	A4	

presented the highest reduction percentage 

of	organic	matter.	Two-way	ANOVA	analysis	
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indicated	that	a	signifi	cant	difference	between	

mean	organic	matter	of	yard	waste	mixed	with	

food	waste	treated	at	different	mixing	ratios.	

The	LSD	post-hoc	 test	 also	 revealed	 that	

the	mixing	ratio	could	produce	a	statistically	

signifi	cant	mean	of	organic	matter.	(F	=	3.856,	

p	=	0.033).	This	came	from	the	 increased	

ratio of yard waste contributing to the increase 

of organic carbon content in the composting 

materials.

	 Nitrogen	was	the	main	nutrient	for	plants.	

The	requirement	of	nitrogen	and	other	nutrients	

depends	 on	many	 environmental	 factors14. 

Total	nitrogen	of	all	treatments	at	week	8	was	

in	the	range	of	1.14-1.85%,	in	line	with	that	

of	organic	fertilizer	standards	of	the	Department	

of Agriculture15,	except	for	only	treatment	A5.	

It	presented	a	slightly	lower	amount	of	total	

nitrogen	than	the	standard.	Two-way	ANOVA	

analysis	determined	no	signifi	cant	difference	

between the mean total nitrogen of food waste 

mixed	with	yard	waste	treated	at	different	

mixing	ratios	and	aeration	conditions.	It	meant	

that the increasing ratio of yard waste did 

not decrease the nitrogen content of the 

composting materials but the composting 

reaction	could	infl	uence	the	minute	increase	

nitrogen content in all treatments at the end 

instead.

	 The	amount	of	total	phosphorus	found	

from all treatments at the end of the 

composting process was in line with the 

organic	fertilizer	standard	of	the	Department	

of Agriculture16.	However,	 two-way	ANOVA	

analysis	 showed	 no	 signifi	cant	 difference	

between the mean total phosphorus of food 

waste	 mixed	 with	 yard	 waste	 treated	 at	

different	mixing	ratios	and	aeration	conditions.

	 Total	potassium	of	some	treatments	(A2,	

A4,	 and	A5)	was	 in	 line	with	 the	organic	

fertilizer	 standard	 of	 the	 Department	 of	

Agriculture16.	Two-way	ANOVA	analysis	also	

found	no	signifi	cant	difference	between	the	

mean	total	potassium	of	yard	waste	mixed	

with	food	waste	treated	at	different	mixing	

ratios and aeration conditions.

	 That	most	treatments	had	the	proper	

nutrients for plants was clearly shown. Only 

some treatment had total potassium below 

the	standard	requirement.	It	may	be	necessary	

to change the composting condition using 

more	 specifi	c	 yard	 waste	 to	 increase	 the	

potassium content when the plantation so 

required.

3. Comparison of composted material

	 The	characteristics	of	 the	composted	

materials	of	all	treatment	after	fi	nishing	the	

composting	process	are	shown	in	Table	3	

together with the standard criteria of the 

organic	 fertilizer	 standard.	 It	 revealed	 that	

most had suitable characteristics to be used 

as	organic	fertilizer	and/or	soil	conditioner.
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Figure 3	The	Trend	Lines	of	Organic	Matter	and	Nutrients	Changed.
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Table 3	Comparison	of	Composted	Characteristics	with	the	Organic	Fertilizer	Standard.

Nutrients
Treatments Organic fertilizer 

standardA1 A2 A3 A4 A5 A6

pH

Organic matter

Total	nitrogen

Total	phosphorus	

Total	potassium	

C/N	ratio

7.51

48.12

1.23

0.86

0.49

38.38

7.37

48.58

1.22

0.78

0.69

23.18

7.71

47.78

1.34

0.75

0.46

29.96

7.51

50.15

1.08

0.75

0.71

16.13

7.53

51.12

0.79

0.89

0.53

16.92

7.67

53.56

1.44

0.99

0.28

20.68

5.5-8.5

>	30.0

≥ 1.0

≥	0.5

≥	0.5

≤ 20:1

Conclusion
	 The	studied	organic	waste	materials	had	

high nutrients and other characteristics suitable 

for	use	as	composting	 raw	materials.	The	

windrow composting piles were managed for 

8	weeks.	At	 the	 early	 starting	period,	 the	

composting process occurred and resulted 

in	increasing	pile	temperatures	and	pH	levels.	

After	 that,	 the	 reaction	 slowed	 down	 and	

fi	nished	in	the	8th	week.	Nutrient	properties	

of	composted	materials	in	the	8th	week	revealed	

that	organic	matter	deceased	from	53.56%	

to	27.1%.	However,	this	amount	of	organic	

matter was still quite high and showed good 

compost characteristics2.	The	C/N	ratio	was	

reduced	from	64.71	to	16.13,	and	was	also	

considered to be good compost17.	Moreover,	

total	 nitrogen	 was	 higher	 than	 1%	 in	 all	

treatments.	The	amount	of	total	phosphorus	

and	total	potassium	were	more	than	0.5%.

	 Most	treatments	had	composted	charac-

teristics	in	line	with	organic	fertilizer	standards	

of	 the	 Department	 of	 Agriculture16. Other 

treatments were also close to this standard 

requirement.	Considering	the	nutrient	contents,	

waste	management,	 and	 utilization	 benefi	t,	

mixing	food	and	yard	waste	in	the	ratio	1:1,	

without	aeration	is	a	suitable	organic	com-

posting	condition.	The	fi	ndings	can	also	be	

used as an application criterion for other 

communities	which	maximize	recycling	nutrients	

to	 the	 environment.	 Furthermore,	 a	 further	

study	should	focus	on	the	improvement	of	

nutrient contents of the composted material 

and	application	effectiveness.
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บทคัดย่อ
	 มลู½อยอนิทรย์ีเป็นป̃ญหาสำาคัญของการจดัการ

มูล½อย	วิทยาเขตของมหาวิทยาลัยในตำาบลศาลายา	

จังหวัดนครปฐม	 มีประชากรมาก	 จำาเป็นต้องมีการ

จัดการมูล½อยอย่างย่ังยืน	 ศึกษาการจัดการมูล½อย

อินทรีย์คือ	 มูล½อยเศษอาหารและมูล½อยจากสวน	

หมกัแบบกองแถวในการทดลองภาคสนาม	8	สปัดาห์	

สภาวะการหมักมีอัตราผสมและการเติมอากาศ

แตกต่างกัน	วิเคราะห์ลักษณะสมบัติทางกายภาพและ

เคมี	คือ	ความชื้น	อุณหภูมิ	ค่าความเป็นกรด-ด่าง	

อินทรียสาร	 ไนโตรเจนทั้งหมด	 ฟอสฟอรัสทั้งหมด	

และโปแตสเซียมท้ังหมด	ใช้สถิติ	Two	way	ANOVA	

และ	LSD	post-hoc	ผลการศึกษาพบว่า	มูล½อย

เศษอาหารมีไนโตรเจนและความชื้นสูง	มูล½อยจาก

สวนมอีนิทรย์ีคารบ์อนสงู	สภาวะหมกัท่ีไมเ่ตมิอากาศ

ทำาให้อณุหภมูแิถวกองสงูอย่างมนียัสำาคัญ	(p	<	0.05)	

ส่วนอัตราการผสมสูงมีนัยสำาคัญ	ทำาให้อินทรียสารสูง	

(p	<	0.05)	การหมักส้ินสุดท่ีสัปดาห์ท่ี	8	โดยวัสดุหมัก

มีอุณหภูมิต่ำาลงและมีค่าความเป็นกรด-ด่างท่ีปานกลาง	

ธาตุอาหารที่เป็นไนโตรเจนและฟอสฟอรัสเพิ่มข้ึน	

แต่มีโปรแตสเซียมลดลงเล็กน้อย	มีลักษณะสมบัติตาม

มาตรฐานปุ‰ยอินทรีย์	แนะนำาสภาวะที่เหมาะสำาหรับ

หมกัมลู½อยอนิทรย์ี	คือ	อตัราสว่นมลู½อยเศษอาหาร

และมูล½อยจากสวน	 1:1	 โดยน้ำาหนัก	 แบบไม่เติม

อากาศ	ผลการศึกษาสามารถใช้แนะนำาให้ชุมชนอื่น	

ซึ่งช่วยนำาธาตุอาหารกลับมาใช้ใหม่ในสิ่งแวดล้อม

คำาสำาคัญ:	 มูล½อยเศษอาหาร,	 มูล½อยจากสวน,	

การหมกั,	ธาตอุาหาร,	การหมกัแบบกอง

แถว
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