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Article Title: Efficacy of Treating Wastewater from Wastepaper Recycling Mill by Blending Moringa Oleifera with Synthetic Coagulant
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Figure 1: Location map of Maz international wastepaper recycling mill

Table 1: Biological Oxygen Demand of treated wastewater by various coagulant  

	Coagulant 
	Initial (mg/L)
	Final (mg/L)
	Reduction(mg/L)
	Efficiency (%)

	Alum
	360.4±7.3
	32.7±4.7
	327.8
	90.9

	PAC
	360.0±7.0
	65.6±6.7
	294.4
	81.8

	DMos
	360.9±7.7
	78.4±6.1
	282.4
	78.3

	FMos
	361.6±9.3
	88.7±4.7
	272.9
	75.5

	BMo
	360.7±6.3
	140.0±5.5
	220.7
	61.2

	DMos/Alum
	360.7±5.0
	28.7±3.2
	332.0
	92.1

	FMos/Alum
	360.0±5.5
	31.3±4.0
	328.7
	91.3

	DMos/PAC
	361.3±6.9
	34.0±3.7
	327.3
	90.6

	FMos/PAC
	360.9±7.4
	55.6±3.1
	305.3
	84.6


Table 2: Chemical Oxygen Demand of treated wastewater by various coagulant  

	Coagulant 
	Initial (mg/L)
	Final (mg/L)
	Reduction(mg/L)
	Efficacy (%)

	Alum
	598.7±8.8
	129.8±5.9
	468.9
	78.3

	PAC
	602.2±8.8
	180.9±6.4
	421.3
	70.0

	DMos
	599.3±9.1
	214.4±6.9
	384.9
	64.2

	FMos
	596.4±9.2
	232.0±7.1
	364.4
	61.1

	BMo
	597.1±13.8
	295.8±9.5
	301.3
	50.5

	DMos/Alum
	599.8±9.4
	113.8±4.1
	486.0
	81.0

	FMos/Alum
	598.2±8.4
	127.6±6.0
	470.7
	78.7

	DMos/PAC
	598.2±12.5
	118.0±5.5
	480.2
	80.3

	FMos/PAC
	600.0±7.9
	168.0±4.9
	432.0
	72.0


Table 3: Transparency of treated wastewater by various coagulant  

	Coagulant 
	Initial (PCU)
	Final (PCU))
	Reduction (PCU))
	Efficacy (%)

	Alum
	900.0±50.2
	30.3±3.9
	869.7
	96.6

	PAC
	881.7±27.4
	235.0±13.7
	646.7
	73.3

	DMos
	877.2±22.2
	44.1±2.9
	833.2
	95.0

	FMos
	859.4±37.0
	170.0±12.5
	689.4
	80.2

	BMo
	863.9±30.7
	730.6±35.8
	133.3
	15.4

	DMos/Alum
	876.4±36.3
	14.4±2.9
	634.5
	98.3

	FMos/Alum
	891.7±17.7
	27.7±3.9
	864.0
	96.9

	DMos/PAC
	873.3±47.0
	40.2±4.6
	833.2
	95.4


Table 4: Total Dissolved Solids of treated wastewater by various coagulant  

	Coagulant 
	Initial (mg/L)
	Final (mg/L)
	Reduction(mg/L)
	Efficacy (%)

	Alum
	1820.0 ± 51.5
	770.0 ± 39.69
	1050.0
	57.7

	PAC
	1781.1 ± 35.9
	1281.1 ± 41.7
	500.0
	28.1

	DMos
	1817.8 ± 41.2
	253.3 ± 31.6
	1564.4
	86.1

	FMos
	1775.6 ± 32.1
	381.1 ± 60.7
	1394.4
	78.5

	BMo
	1795.6 ± 34.3
	831.1 ± 32.6
	964.4
	53.7

	DMos/Alum
	1784.4 ± 39.1
	267.8 ± 28.6
	1516.7
	85.0

	FMos/Alum
	1778.9 ± 29.3
	355.6 ± 41.0
	1423.3
	80.0

	DMos/PAC
	1815.6 ± 39.1
	286.7 ± 32.8
	1528.9
	84.2

	FMos/PAC
	1803.3 ± 38.1
	447.8 ± 41.5
	1355.6
	75.2


Table 5: Electrical conductivity of treated wastewater by various coagulant  

	Coagulant 
	Initial (µs/cm)
	Final (µs/cm)
	Reduction(µs/cm)
	Efficacy (%)

	Alum
	2477.8 ± 42.4
	885.6 ± 30.9
	1776.7
	64.3

	PAC
	2486.7 ± 32.0
	1914.4 ± 47.2
	572.2
	23.0

	DMos
	2467.8 ± 38.0
	435.6 ± 34.7
	2032.2
	82.4

	FMos
	2497.8 ± 38.0
	724.4 ± 28.8
	1773.3
	71.0

	BMo
	2476.7 ± 41.8
	1285.6 ± 51.0
	1191.1
	48.1

	DMos/Alum
	2476.7 ± 44.7
	495.6 ± 39.1
	1981.1
	80.0

	FMos/Alum
	2467.8 ± 38.0
	691.1 ± 39.5
	1776.7
	72.0

	DMos/PAC
	2476.7 ± 45.6
	512.2 ± 33.5
	1964.4
	79.3

	FMos/PAC
	2497.8 ± 38.0
	650.0 ± 48.7
	1847.8
	74.0


Table 6: Total suspended solids of treated wastewater by various coagulant  

	Coagulant 
	Initial (mg/L)
	Final (mg/L)
	Reduction(mg/L)
	Efficacy (%)

	Alum
	577.8 ± 30.3
	19.4 ± 3.7
	558.3
	96.6

	PAC
	571.6 ± 22.4
	48.8 ± 4.9
	522.8
	91.5

	DMos
	550.7 ± 19.6
	27.1 ± 3.1
	523.6
	95.1

	FMos
	564.4 ± 43.9
	34.9 ± 3.7
	529.6
	93.8

	BMo
	556.1 ± 16.7
	256.1 ± 12.2
	300.0
	53.9

	DMos/Alum
	564.4 ± 43.9
	5.8 ± 2.1
	558.7
	99.0

	FMos/Alum
	566.0 ± 23.5
	17.0 ± 4.6
	549.0
	97.0

	DMos/PAC
	557.2 ± 17.0
	11.1 ± 3.2
	546.1
	98.0

	FMos/PAC
	573.3 ± 27.8
	28.8 ± 6.1
	544.6
	95.0
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Figure 2: Microbial load reduction by individual and blended coagulants 
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								Colony units counts

				Alum		initial		final		reduction		% Red								DMOS/Alum		initial		final		reduction		% Red																										Summary Statistics

				r1		274		26		248		90.5109489051								r1		271		3		268		98.8929889299						Summary Statistics																						Count		Average		Standard deviation		Coeff. of variation		Minimum		Maximum		Range

				r2		258		23		235		91.0852713178								r2		263		1		262		99.6197718631								Count		Average		Standard deviation		Coeff. of variation		Minimum		Maximum		Range						Initial CFUs		9		264.889		7.84991		2.96%		254.6		275.4		20.8

				r3		280		27		253		90.3571428571								r3		275		4		271		98.5454545455						Initial CFUs		9		264.75		6.40312		2.42%		257.5		273.5		16						Alum		9		24.4444		2.4037		9.83%		21		28		7		90.7718327299

				r4		265		21		244		92.0754716981								r4		253		1		252		99.604743083						DMOS/Alum		9		2.22222		1.09291		49.18%		1		4		3		99.1606345609				PAC		9		60.4444		6.61648		10.95%		50		71		21		77.1812344038

				r5		254		23		231		90.9448818898								r5		261		2		259		99.2337164751						FMos/Alum		9		16.2222		1.98606		12.24%		13		19		6		93.8726345609				DMos		9		6.55556		1.74005		26.54%		4		9		5		97.5251671455

				r6		260		26		234		90								r6		256		3		253		98.828125						DMos/PAC		9		8		1.73205		21.65%		6		11		5		96.9782813975				FMos		9		15.8889		1.90029		11.96%		13		19		6		94.0016761738

				r7		272		28		244		89.7058823529								r7		270		1		269		99.6296296296						Fmos/PAC		9		21		2.73861		13.04%		17		26		9		92.0679886686				BMo		9		27.2222		4.49382		16.51%		21		34		13		89.7231670624

				r8		268		22		246		91.7910447761								r8		278		2		276		99.2805755396						Total		45		62.4389		102.559		164.26%		1		273.5		272.5						Total		54		66.5741		91.203		137.00%		4		275.4		271.4

				r9		262		24		238		90.8396946565								r9		255		3		252		98.8235294118

				mean		265.8888888889		24.4444444444		241.4444444444		90.8122598282								mean		264.6666666667		2.2222222222		262.4444444444		99.1620593864

																																		Source		Sum of Squares		Df		Mean Square		F-Ratio		P-Value										ANOVA Table

																																		Between groups		462353		4		115588		10203.97		0										Source		Sum of Squares		Df		Mean Square		F-Ratio		P-Value

				PAC		initial		final		reduction		% Red								FMos/Alum		initial		final		reduction		% Red						Within groups		453.111		40		11.3278														Between groups		439749		5		87949.8		3823.63		0				240.4446		90.7718327299

				r1		273		63		210		76.9230769231								r1		268		14		254		94.776119403						Total (Corr.)		462806		44																Within groups		1104.08		48		23.0017								204.4446		77.1812344038

				r2		260		66		194		74.6153846154								r2		272		18		254		93.3823529412																										Total (Corr.)		440853		53										258.33344		97.5251671455

				r3		276		59		217		78.6231884058								r3		265		13		252		95.0943396226																																								249.0001		94.0016761738

				r4		254		62		192		75.5905511811								r4		260		17		243		93.4615384615						Method: 95.0 percent LSD																				Multiple Range Tests														237.6668		89.7231670624

				r5		264		50		214		81.0606060606								r5		253		16		237		93.6758893281								Count		Mean		Homogeneous Groups														Method: 95.0 percent LSD

				r6		251		56		195		77.6892430279								r6		261		15		246		94.2528735632						DMOS/Alum		9		2.22222		X																Count		Mean		Homogeneous Groups

				r7		274		71		203		74.0875912409								r7		267		19		248		92.8838951311						DMos/PAC		9		8		X						262.52778		99.1606345609						DMos		9		6.55556		X

				r8		282		64		218		77.304964539								r8		270		16		254		94.0740740741						FMos/Alum_1		9		16.2222		X						248.5278		93.8726345609						FMos		9		15.8889		X

				r9		250		53		197		78.8								r9		265		18		247		93.2075471698						FMos/Alum		9		21		X						256.75		96.9782813975						Alum		9		24.4444		X

				mean		264.8888888889		60.4444444444		204.4444444444		77.1882895549								mean		264.5555555556		16.2222222222		248.3333333333		93.8676255216						Initial CFUs		9		264.75		X						243.75		92.0679886686						BMo		9		27.2222		X

																																																						PAC		9		60.4444		X

																																																						Initial CFUs		9		264.889		X

				DMos		initial		final		reduction		% Red								DMos/PAC		initial		final		reduction		% Red

				r1		276		7		269		97.4637681159								r1		275		11		264		96

				r2		266		6		260		97.7443609023								r2		268		10		258		96.2686567164

				r3		273		5		268		98.1684981685								r3		276		9		267		96.7391304348

				r4		250		7		243		97.2								r4		254		8		246		96.8503937008

				r5		261		9		252		96.5517241379								r5		261		7		254		97.3180076628

				r6		258		4		254		98.4496124031								r6		258		6		252		97.6744186047

				r7		264		7		257		97.3484848485								r7		262		7		255		97.3282442748

				r8		270		5		265		98.1481481481								r8		267		8		259		97.0037453184

				r9		261		9		252		96.5517241379								r9		261		6		255		97.7011494253

				mean		264.3333333333		6.5555555556		257.7777777778		97.5140356514								mean		264.6666666667		8		256.6666666667		96.9870829042

				FMos		initial		final		reduction		% Red								FMos/Alum		initial		final		reduction		% Red

				r1		276		15		261		94.5652173913								r1		267		20		247		92.5093632959

				r2		266		16		250		93.984962406								r2		261		21		240		91.9540229885

				r3		273		18		255		93.4065934066								r3		278		24		254		91.3669064748

				r4		250		13		237		94.8								r4		263		21		242		92.0152091255

				r5		261		16		245		93.8697318008								r5		256		26		230		89.84375

				r6		258		17		241		93.4108527132								r6		260		19		241		92.6923076923

				r7		264		19		245		92.803030303								r7		274		17		257		93.795620438

				r8		270		14		256		94.8148148148								r8		270		22		248		91.8518518519

				r9		261		15		246		94.2528735632								r9		257		19		238		92.6070038911

				mean		264.3333333333		15.8888888889		248.4444444444		93.9897862665								mean		265.1111111111		21		244.1111111111		92.0706706398

				BMo		initial		final		reduction		% Red

				r1		278		21		257		92.4460431655

				r2		262		30		232		88.5496183206

				r3		269		24		245		91.0780669145

				r4		254		28		226		88.9763779528

				r5		257		32		225		87.5486381323

				r6		264		34		230		87.1212121212

				r7		268		22		246		91.7910447761

				r8		273		25		248		90.8424908425

				r9		260		29		231		88.8461538462

				mean		265		27.2222222222		237.7777777778		89.6888495635

				initial		initial		initial		initial		initial				Initial CFUs		Alum		PAC		DMos		FMos		BMo

				274		273		276		276		278				275.4		26		63		7		15		21

				258		260		266		266		262				262.4		23		66		6		16		30

				280		276		273		273		269				274.2		27		59		5		18		24

				265		254		250		250		254				254.6		21		62		7		13		28

				254		264		261		261		257				259.4		23		50		9		16		32

				260		251		258		258		264				258.2		26		56		4		17		34

				272		274		264		264		268				268.4		28		71		7		19		22

				268		282		270		270		273				272.6		22		64		5		14		25

				262		250		261		261		260				258.8		24		53		9		15		29

				DMOS/Alum		FMos/Alum		DMos/PAC		FMos/Alum						Initial CFUs		DMOS/Alum		FMos/Alum		DMos/PAC		FMos/Alum

				271		268		275		267						270.25		3		14		11		20

				263		272		268		261						266		1		18		10		21

				275		265		276		278						273.5		4		13		9		24

				253		260		254		263						257.5		1		17		8		21

				261		253		261		256						257.75		2		16		7		26

				256		261		258		260						258.75		3		15		6		19

				270		267		262		274						268.25		1		19		7		17

				278		270		267		270						271.25		2		16		8		22

				255		265		261		257						259.5		3		18		6		19

																														final
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																Average

												Initial CFUs		264.889		529778		7.84991		15699.82				529778.0		15699.8

												Alum		24.4444		48888.8		2.4037		4807.4				48888.8		4807.4

												PAC		60.4444		120888.8		6.61648		13232.96				120888.8		13233.0

												DMos		6.55556		13111.12		1.74005		3480.1				13111.1		3480.1

												FMos		15.8889		31777.8		1.90029		3800.58				31777.8		3800.6

												BMo		27.2222		54444.4		4.49382		8987.64				54444.4		8987.6

												DMOS/Alum		2.22222		4444.44		6.40312		12806.24				4444.4		12806.2

												FMos/Alum		16.2222		32444.4		1.09291		2185.82				32444.4		2185.8

												DMos/PAC		8		16000		1.98606		3972.12				16000.0		3972.1

												Fmos/PAC		21		42000		1.73205		3464.1				42000.0		3464.1

														Initial		529778		529.778

														Alum		48888.8		48.8888

														PAC		120888.8		120.8888

														DMos		13111.12		13.11112

														FMos		31777.8		31.7778

														BMo		54444.4		54.4444

														DMOS/Alum		4444.44		4.44444

														FMos/Alum		32444.4		32.4444

														DMos/PAC		16000		16

														Fmos/PAC		42000		42

																Initial		529.778

																Alum		48.8888

																PAC		120.8888

																DMos		13.11112

																FMos		31.7778

																BMo		54.4444

																DMOS/Alum		4.44444

																FMos/Alum		32.4444

																DMos/PAC		16

																Fmos/PAC		42
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