
Supplementary material for Inferences from TPHs removal Kinetics during Phyto- and Myco-remediation of a Soil highly contaminated with Crude oil
S.1 Further details on soil collection and glasshouse treatment  
The choice of the silty loamy soil from Ogoniland, Nigeria, for the study was because it is the dominant soils in the study area and the soil type used by farmers for the cultivation of crops (Osuji et al., 2005). The Ogoniland, Niger Delta, Nigeria is renowned for soils highly contaminated with crude oil, and therefore presented the ideal soil samples for the study. 
Sunflower seeds were purchased from Nicky's Nursery Ltd, Broadstairs, Kent, UK and pre-grown on Ericaceous compost for a period of 2 weeks. The Ericaceous compost was purchased from Amenity Land Solutions, Allscott Park, Shropshire, UK. Palm wine was purchased from African grocery shops in Nottingham, United Kingdom, while grain spawns of Pleurotus ostreatus were purchased from Ann Miller’s Mushrooms Ltd, Aberdeenshire, UK.
Glasshouse experiments were carried out using the methods of Dickson et al., (2020) in the glasshouse facility at Nottingham Trent University, Brackenhurst campus, UK. 1.5-litre terracotta plant pots (Grow bag standard 100 x 40 x 5 cm) were used for the study. All glasshouse setups were carried out in triplicates for a period of 3 months (90 days). 
Before the onset of the greenhouse experiment, the tolerance limits of the phyto- and myco-remediation agents on the highly contaminated soils were first determined. This was done by first germinating the different agents on various dilutions of the highly contaminated soils. And monitoring the germination and growth of the agents for a period of 2 – 4 weeks. The highest concentrations of the soil dilutions which the agents germinated, and survived with observable good growth were taken as the tolerance limits. The Total petroleum hydrocarbons (TPHs) concentration of such were then analysed as the tolerance limit TPHs concentration for the treatment with such agent. The tolerance limits were used to determine the initial concentrations to which each soil sample used with the associated treatment agents was diluted to, and explains the variability in the initial concentrations observed for each of the agents at the start of the remediation process. 
S.1.1 Application of Tween-80 on glasshouse pots
5 % aqueous solution of Tween 80 was used for the study (Cheng et al., 2017). The Tween 80 solution was prepared as follows: 25 ml of Tween 80 was measured out into a 500 ml flask and dissolved in deionised water with gentle swirling. The solution was then made up the mark and homogenised with a sonicator. The prepared solution was applied on subsets of each of the glasshouse remediation involving Control, Helianthus annus- pacino gold, Dryopteris affinis, palm wine and P. ostreatus (Table 1), as follows. 10 ml of the solution was added to the soils in sample pots by uniformly spreading the liquid around the soil samples. This application was repeated every 2 weeks for the period of 90 days. Overall, two sets of experiments were set up for each agent, one without Tween-80, and the other with Tween- 80 (Table 1).
ST1: Particle size analysis, TPHs concentration of the soil for each Treatment @ the Time intervals, and Rate of TPHs  removal  in the treated soils
	Particle size analysis of the soil (%)

	Soil sample location
	Sand 
	Clay 
	Silt 
	Soil Classification (Wentworth, 1922)

	0294996 N, 0532999 E
	45
	21
	34
	Silty Loam 

	0295428 N, 0533596 E
	43
	24
	33
	Silty Loam 

	p-value for textural class differences between uncontaminated soils against petroleum contaminated soil (for T-test of mean of uncontaminated soils against petroleum contaminated soil
	  1

	Data for TPHS concentration in the soil for each Treatment, and Time interval

	
	Control soil  ( Natural attenuation)
	Soil treated with sunflowers 
	Soil treated with ferns
	Soil treated with Plam wine 
	Soil treated with P. ostreatus 

	Time frame (days)
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	T10

	0
	445189
	403564
	261278
	241322
	233436
	176969
	312023
	293794
	229461
	191336

	15
	405092
	395123
	258617
	121322
	191725
	88124
	242165
	281113
	191226
	115768

	30
	403092
	385983
	153956
	110992
	98712
	49637
	150125
	278964
	119612
	107596

	45
	399892
	360789
	101970
	85188
	72514
	36123
	70135
	55125
	69129
	15159

	 
               60
	395892
	346667
	90984
	50106
	65227
	24114
	61330
	11356
	39006
	11900

	               
               75
	389039
	311258
	85984
	19211
	61215
	13125
	41567
	7172
	29138
	9278

	                   
               90
	359185
	277202
	84014
	10238
	60826
	12737
	41358
	5713
	28305
	8940

	Data for % Remediation efficiency

	Time 
	Control soil ( Natural attenuation)
	Soil treated with sunflowers 
	Soil treated with ferns
	Soil treated with Plam wine 
	Soil treated with P. ostreatus 

	period in days 
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	T10

	0-15
	9.01
	2.09
	1.02
	49.73
	17.87
	50.20
	22.39
	4.32
	16.66
	39.49

	15-30
	0.49
	2.31
	40.47
	8.51
	48.51
	43.67
	38.01
	0.76
	37.45
	7.06

	0-30
	0.79
	6.53
	33.77
	23.25
	26.54
	27.23
	53.28
	80.24
	42.21
	85.91

	30-45
	1.00
	3.91
	10.77
	41.18
	10.05
	33.24
	12.55
	79.40
	43.58
	21.50

	0-45
	1.73
	10.21
	5.50
	61.66
	6.15
	45.57
	32.22
	36.84
	25.30
	22.03

	45-60
	7.67
	10.94
	2.29
	46.71
	0.64
	2.96
	0.50
	20.34
	2.86
	3.64

	0-60
	9.46
	4.36
	41.08
	54.01
	57.71
	71.95
	51.89
	5.05
	47.87
	43.77

	60-75
	10.17
	10.60
	60.97
	64.70
	68.94
	79.59
	77.52
	81.24
	69.87
	92.08

	0-75
	11.07
	14.10
	65.18
	79.24
	72.06
	86.37
	80.34
	96.13
	83.00
	93.78

	75-90
	12.61
	22.87
	67.09
	92.04
	73.78
	92.58
	86.68
	97.56
	87.30
	95.15

	0-90
	19.32
	31.31
	67.84
	95.76
	73.94
	92.80
	86.75
	98.06
	87.66
	95.33

	Overall % remediation efficiency  @90 days 
	19.32
	31.31
	67.84
	95.76
	73.94
	92.80
	86.75
	98.06
	87.66
	95.33

	Rate of TPHs removal in the treated soils (mg of TPHs /Kg dry soil per day). (Removal rate is evaluated as TPHs concentration at the onset e.g. T@0, minus that at particular time after the treatment e.g. T@15, divided by the time interval between T15 and T0, that is  15-0)

	
	Control soil ( Natural attenuation)
	Soil treated with sunflowers 
	Soil treated with ferns
	Soil treated with Plam wine 
	Soil treated with P. ostreatus 

	Time frame (days)
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	T10

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0-15
	2673
	563
	177
	8000
	2781
	5923
	4657
	845
	2549
	5038

	15-30
	133
	609
	6977
	689
	6201
	2566
	6136
	143
	4774
	545

	0-30
	213
	1680
	3466
	1720
	1747
	901
	5333
	14923
	3366
	6162

	30-45
	267
	941
	732
	2339
	486
	801
	587
	2918
	2008
	217

	0-45
	457
	2361
	333
	2060
	267
	733
	1318
	279
	658
	175

	45-60
	1990
	2270
	131
	598
	26
	26
	14
	97
	56
	23

	0-60
	2673
	563
	177
	8000
	2781
	5923
	4657
	845
	2549
	5038

	60-75
	133
	609
	6977
	689
	6201
	2566
	6136
	143
	4774
	545

	0-75
	213
	1680
	3466
	1720
	1747
	901
	5333
	14923
	3366
	6162

	75-90
	267
	941
	732
	2339
	486
	801
	587
	2918
	2008
	217

	0-90
	457
	2361
	333
	2060
	267
	733
	1318
	279
	658
	175


Table ST2a: Standard deviations (SD) of the data in ST1 (TPHs concentration in the soil for each Treatment, and Time interval)
	Standard deviations for raw data for TPHS concentration in the soil for each Treatment

	
	Control soil  ( Natural attenuation)
	Soil treated with sunflowers 
	Soil treated with ferns
	Soil treated with Plam wine 
	Soil treated with P. ostreatus 

	Time frame (days)
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	T10

	0
	15.56
	25.33
	105.28
	55.06
	33.56
	99.01
	57.65
	89.22
	73.33
	15.56

	15
	99.23
	75.23
	90.00
	20.50
	100.55
	27.33
	47.77
	33.33
	88.66
	99.23

	30
	41.44
	63.33
	72.45
	21.88
	47.36
	64.60
	54.67
	34.81
	41.44
	63.33

	45
	27.90
	77.91
	45.33
	21.11
	85.33
	106.21
	39.99
	67.63
	47.33
	27.90

	 
               60
	77.48
	88.88
	109.11
	66.66
	27.17
	58.67
	55.98
	91.44
	25.26
	77.48

	               
               75
	33.27
	111.12
	99.51
	66.19
	27.11
	32.41
	2.10
	17.66
	1.03
	33.27

	                   
               90
	112.77
	95.11
	11.23
	2.50
	3.57
	30.10
	9.72
	1.11
	36.35
	1.59


S.2 Kinetic modelling of the Phyto- and myco-remediation process
S.2.1 Zero Order kinetic modelling
For Zero Order kinetic modelling, equation 1 was used, with a plot of [A]t against t (See SF1). A regression analysis was also evaluated for all the treatment.   (Raw data available on request)
· A zero-order reaction is one whose rate is independent of concentration. 
· Because rate is independent of reactant concentration, a graph of the concentration of any reactant as a function of time is a straight line with a slope of −k. 
· The value of k is negative because the concentration of the reactant decreases with time
· The integrated rate law for a zeroth-order reaction also produces a straight line and has the general form
                     [A]t = [A]0−kt…………………………………….1
· where [A]0 is the initial concentration of reactant A. 
· [A]t is the concentration of the reactant at any time (t)
· The equation is in the form of the algebraic equation for a straight line, y = mx + b, 
· with y = [A]t, 
· mx = −kt, 
· and b = [A]0.
The half-life of Zero order kinetic: If an increase in reactant concentrations increases the half-life of the reactant, then, the reaction has zero-order kinetics. 
· For Zero order half-life,
 t1/2 = [A]0/2k………………………………………...2
S.2.2 Pseudo First Order (PFO) kinetic modelling
For Pseudo First Order (PFO) kinetic modelling, equation 3 was used, with a plot of ln[A]0 vs t. A regression analysis was also evaluated for all the treatments (Raw data available on request).
· In a first-order reaction, the reaction rate is directly proportional to the concentration of one of the reactants.
· If the concentration of A is doubled, the reaction rate doubles; if the concentration of A is increased by a factor of 10, the reaction rate increases by a factor of 10, and so forth.
· where [A]0 is the initial concentration of reactant A at t = 0;
· k is the rate constant;
· [A]t = concentration of the reactant A at any time = t
· The integrated rate law for PSO is 

ln[A]t   =   ln[A]0 −kt ……………………………………3
· Because the Equation has the form of the algebraic equation for a straight line, y = mx + b, 
· with y = ln[A]t 
· and b = ln[A]0, 
· a plot of ln[A]t versus t for a first-order reaction should give a straight line with a slope of −k and an intercept of ln[A]0
The half-life of First order kinetic: If an increase in reactant has no effect on half-life, it has first-order kinetics. 
· For first order, 
t1/2 = 0.693/k ……………………………………………..4
S.2.3 Second Order (PSO) kinetic modelling
For Pseudo Second Order (PSO) kinetic modelling, equation 5 was used, and a plot of 1/[A]t against t. A regression analysis was also evaluated for all the treatments (Raw data available on request).
· The simplest kind of second-order reaction is one whose rate is proportional to the square of the concentration of one reactant.
· Consequently, doubling the concentration of A quadruples the reaction rate.
· For the reaction 2A → products, the following integrated rate law describes the concentration of the reactant at a given time:



1/[A]t  = 1/[A]0 + kt…………………………………………5
· Because the Equation has the form of an algebraic equation for a straight line, y = mx + b, 
· with y = 1/[A] 
· and b = 1/[A]0, 
· a plot of 1/[A]t vs t, gives the slope k
The half-life of Second order kinetic: If an increase in reactant decreases the half-life, the reaction has second-order kinetics.
· For second order, 
t1/2 = 1/k[A]0 …………………………………………….6

SF1: kinetic plots for the kinetic modelling of the Phyto- and myco-remediation process (the TPHs data used for these models are available in the Table ST2)
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In these plots, it would be observed that for T1, the model fits well into the Zero order kinetics (highest R-square value), with deviations away from PFO, and PSO (where the R-square values are less than 0.8). However, in T2 (which is T1 that has been optimised with Tween 80), the observation reveals the kinetics of PFO and PSO setting in, with a marked increase in the R2 values of the PFO, and PSO. Therefore, T2 will be of mix kinetics, but Zero order will still dominate. 
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Here, for T3, the R2 value for PFO is the highest here, therefore PFO will have preference. However, the high value of the R2  for the Zero order and PSO Kinetics, indicates that some of TPHs components will also follow the PSO and Zero order kinetics. Therefore, T3 would be expected to have a mixed kinetics, but will predominantly follow PFO. Further Regression and other statistical analysis will provide more insight on this. 
For T4 (which is T3 that has been optimised with Tween 80), while the R-square value for PSO is below the threshold (0.8), the significance of the R-values for Zero order and PFO for T4 is acknowledge. Therefore, T4 will have a mix of PFO & Zero order, but will predominantly follow PFO. 

Also, with respect to the PFO for both T3 & T4, the kinetics proceeds with increasing K value in T4 compared to that of T3. 
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Here, both T5 & T6 will have a mix of PFO and PSO, but will predominantly follow PFO.  Regression and other statistical analysis will provide better insight.
Also, with respect to the PFO for both T5 & T6, the kinetics proceeds with increasing K value in T6 compared to that of T5. 
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T7 will have a mix of Zero order, PFO and PSO, but will predominantly follow PFO. 

For T8 (which is T7 that has been optimised with Tween 80), the significance of the R-values of Zero order and PFO for T8 is also acknowledge, therefore T8 will have a mix of Zero order, PFO & PSO, but will predominantly follow PSO. Regression and other statistical analysis will provide better insight.
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T9 will have a mix of Zero order, PFO and PSO, but will predominantly follow PFO. 

For T10 (which is T7 that has been optimised with Tween 80), the significance of the R-values of Zero order and PFO for T8 is also acknowledge, therefore T10 will have a mix of Zero order, PFO & PSO, but will predominantly follow PSO. Regression and other statistical analysis will provide better insight.
ST3: Summary of the rate constants of the kinetic modelling for each Treatment

	Soil  Treatment
	Rate constants (K)

	
	Zero order 
	PFO
	PSO

	T1
	707.9
	0.0014
	4.00E-09

	T2
	1395.6
	0.0033
	1.00E-08

	T3
	2331
	0.0196
	2.00E-07

	T4
	2281.8
	0.0297
	1.00E-06

	T5
	1934.1
	0.0195
	1.00E-07

	T6
	326.93
	0.0328
	1.00E-06

	T7
	3100
	0.0285
	3.00E-07

	T8
	3999.4
	0.0568
	3.00E-06

	T9
	2400.6
	0.0298
	5.00E-07

	T10
	2037.8
	0.0456
	2.00E-06


ST4: Reprojected time for TPHs removal to reach soil threshold levels of 10,000mg/Kg with t1/2, from the below 50% TPHs dilution of the soil treatments
	Soil  Treatment
	Conc @ Tolerance limit,

and

Projected  % TPHs dilutions with respect the 445g/Kg TPHs conc (as per % TPHs remaining)
	Projected initial TPH conc
	
	 Target reduction level-[A] (g/Kg dry soil)-
	Zero order 
	PFO
	PSO

	
	
	
	% of TPHs in soil 
	
	Time it will take to reach soil threshold level  based on Zero order kinetics 
	Time it will take to reach soil threshold level  based on PFO 
	Time it will take to reach soil threshold level  based on PSO 

	T1
	Conc @ Tolerance limit
	445189
	50
	10000
	615
	2711
	2.44E+04

	
	40% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	178,071
	18
	10000
	237
	2057
	23596

	
	30% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil 
	133,552
	13
	10000
	175
	1851
	23128

	
	20% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	89,031
	9
	10000
	112
	1562
	22192

	
	10% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	44,519
	5
	10000
	49
	1067
	19384

	T2
	Conc @ Tolerance limit
	403564
	50
	10000
	282
	1121
	9752

	
	40% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	178,071
	18
	10000
	120
	873
	9438

	
	30% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil 
	133,552
	13
	10000
	89
	785
	9251

	
	20% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	89,031
	9
	10000
	57
	663
	8877

	
	10% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	44,519
	5
	10000
	25
	453
	7754

	T3
	Conc @ Tolerance limit
	261278
	50
	10000
	108
	166
	481

	
	40% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	178,071
	18
	10000
	72
	147
	472

	
	30% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil 
	133,552
	13
	10000
	53
	132
	463

	
	20% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	89,031
	9
	10000
	34
	112
	444

	
	10% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	44,519
	5
	10000
	15
	76
	388

	T4
	Conc @ Tolerance limit
	241322
	50
	10000
	101
	107
	96

	
	40% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	178,071
	18
	10000
	74
	97
	94

	
	30% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil 
	133,552
	13
	10000
	54
	87
	93

	
	20% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	89,031
	9
	10000
	35
	74
	89

	
	10% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	44,519
	5
	10000
	15
	50
	78

	T5
	Conc @ Tolerance limit
	233436
	50
	10000
	116
	162
	957

	
	40% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	178,071
	18
	10000
	87
	148
	944

	
	30% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil 
	133,552
	13
	10000
	64
	133
	925

	
	20% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	89,031
	9
	10000
	41
	112
	888

	
	10% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	44,519
	5
	10000
	18
	77
	775

	T6
	Conc @ Tolerance limit
	176969
	50
	10000
	511
	88
	94

	
	40% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	178,071
	18
	10000
	514
	88
	94

	
	30% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil 
	133,552
	13
	10000
	378
	79
	93

	
	20% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	89,031
	9
	10000
	242
	67
	89

	
	10% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	44,519
	5
	10000
	106
	46
	78

	T7
	Conc @ Tolerance limit
	312023
	50
	10000
	97
	121
	323

	
	40% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	178,071
	18
	10000
	54
	101
	315

	
	30% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil 
	133,552
	13
	10000
	40
	91
	308

	
	20% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	89,031
	9
	10000
	25
	77
	296

	
	10% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	44,519
	5
	10000
	11
	52
	258

	T8
	Conc @ Tolerance limit
	293794
	50
	10000
	71
	60
	32

	
	40% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	178,071
	18
	10000
	42
	51
	31

	
	30% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil 
	133,552
	13
	10000
	31
	46
	31

	
	20% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	89,031
	9
	10000
	20
	38
	30

	
	10% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	44,519
	5
	10000
	9
	26
	26

	T9
	Conc @ Tolerance limit
	229461
	50
	10000
	91
	105
	191

	
	40% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	178,071
	18
	10000
	70
	97
	189

	
	30% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil 
	133,552
	13
	10000
	51
	87
	185

	
	20% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	89,031
	9
	10000
	33
	73
	178

	
	10% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	44,519
	5
	10000
	14
	50
	155

	T10
	Conc @ Tolerance limit
	191336
	50
	10000
	89
	65
	47

	
	40% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	178,071
	18
	10000
	82
	63
	47

	
	30% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil 
	133,552
	13
	10000
	61
	57
	46

	
	20% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	89,031
	9
	10000
	39
	48
	44

	
	10% TPHs dilutions with respect to the initial  445g/Kg TPHs conc in the soil
	44,519
	5
	10000
	17
	33
	39


ST5: Summary of projected time for TPHs removal to reach soil threshold levels of 10,000mg/Kg from the starting concentrations used in this study (which was based on the tolerance limits of the agents)
	Soil  Treatment
	Initial TPH conc [A]0 using known experimental values

(mg/Kg dry soil)
	 Target reduction level-[A] (mg/Kg dry soil) using known experimental values and soil background level of USEPA (Bojes  & Pope, 2007)
	Time it will take to reach soil threshold level  based on Zero order kinetics (days)
	Time it will take to reach soil threshold level  based on PFO 
	Time it will take to reach soil threshold level  based on PSO 

	T1
	445189
	10000
	615
	2711
	2.44E+04

	T2
	403564
	10000
	282
	1121
	9752

	T3
	221278
	10000
	108
	166
	481

	T4
	241322
	10000
	101
	107
	96

	T5
	233436
	10000
	116
	162
	957

	T6
	176969
	10000
	511
	88
	94

	T7
	312023
	10000
	97
	121
	323

	T8
	293794
	10000
	71
	60
	32

	T9
	229461
	10000
	91
	105
	191

	T10
	191336
	10000
	89
	65
	47


S.3 Specific summaries from the kinetic modelling and data fitting for each of the agents  
T1
With the actual experimental value of 445189 mg/Kg, time projected to reach soil threshold value via Zero order kinetics is 615 days with about 98% TPHs reduction (Table ST7). 
With lower dilutions that is less than 50% of the initial TPHs levels in the soil, it is projected that the concentration of 178,071 mg/Kg via PFO will lead to the soil threshold value at 237 days with about 94% TPHs removal (Table ST4).  Further dilutions of 133,552 mg/Kg, will take 175 days; 89,031 mg/Kg, 112 days; and 44,519, 49 days. Therefore, further dilutions favour the remediation efficiency of the Natural attenuation treatment.
Here, we notice the initial TPHs concentration used in the study offers lower removal efficiency than the further dilutions. Thus, the initial TPHs concentration used in the study (445189 mg/kg) is not the most suitable initial starting concentration for the Natural attenuation.  Further dilutions of the soil samples is required for better remediation efficiency of the agents. The projections reveal dilutions of at least as low as 89,031 mg/Kg, but best at 44,519 mg/Kg to attend soil threshold values within reasonable time of within 90 days (±10 days).  This amounts to about 5-9% TPHs concentration in the soil. 
T2
With the actual experimental value of 403564 mg/Kg, time projected to reach soil threshold value via PFO is 282 days with about 98% TPHs reduction (Table ST4). 
With lower dilutions that is less than 50% of the initial TPHs levels in the soil, it is projected that the concentration of 178,071 mg/Kg via Zero order kinetics will lead to the soil threshold value at 120 days with about 94% TPHs removal (Table ST4).  Further dilutions of 133,552 mg/Kg, will take 89 days; 89,031 mg/Kg, 57 days; and 44,519, 25 days. Therefore, further dilutions favour the remediation efficiency of the treatment.
Here, we notice the initial TPHs concentration used in the study offers lower removal efficiency than the further dilutions. Thus, the initial TPHs concentration used in the study (403564 mg/kg) is not the most suitable as the initial starting concentration for the agent.  Further dilutions of the soil samples are required for better remediation efficiency of the agents. 
The projections reveal dilutions of at least as low as 133,552 mg/kg to attend soil threshold values within reasonable time of within 90 days (±10 days).  This amounts to about 13% TPHs concentration in the soil.
T3
With the actual experimental value (tolerance limit) of 261278 mg/Kg, time projected to reach soil threshold value via PFO is 166 days with about 96% TPHs reduction (Table ST4). 
With a lower dilution of 178,071 mg/Kg, the projected time to achieved soil threshold value is at 147 days with about 94% TPHs removal (Table ST6).  Further dilutions of 133,552 mg/Kg, will take 132 days; 89,031 mg/Kg, 112 days; and 44,519, 76 days. Therefore, further dilutions favour the remediation efficiency of the treatment. The projections reveal dilutions range of as low as 44,519-89,031 mg/Kg, is required to attain soil threshold values within reasonable time of within 90 days (±10 days).  This amounts to about 5-9% TPHs concentration in the soil. 
T4
With the actual experimental value (tolerance limit) of 241322 mg/Kg, time projected to reach soil threshold value via PFO is 107 days with about 96% TPHs reduction (Table ST4). 
With a lower dilution of 178,071 mg/Kg, the projected time to achieved soil threshold value is at 97 days with about 94% TPHs removal (Table ST4).  Further dilutions of 133,552 mg/Kg, will take 87 days; 89,031 mg/Kg, 74 days; and 44,519, 50 days. Therefore, further dilutions favour the remediation efficiency of the treatment. The projections reveal dilutions of as low as 133,552 mg/Kg, is required to attain soil threshold values within reasonable time of within 90 days. This amounts to about 13% TPHs concentration in the soil.
T5
With the actual experimental value (tolerance limit) of 233436 mg/Kg, time projected to reach soil threshold value via PFO is 162 days with about 96% TPHs reduction (Table ST4). 

With a lower dilution of 178,071 mg/Kg, the projected time to achieved soil threshold value is at 148 days with about 94% TPHs removal (Table ST6). Further dilutions of 133,552 mg/Kg, will take 133 days; 89,031 mg/Kg, 112 days; and 44,519, 77 days. Therefore, further dilutions favour the remediation efficiency of the treatment. The projections reveal dilutions range of as low as 44,519-89,031 mg/Kg, is required to attain soil threshold values within reasonable time of within 90 days (±10 days).  This amounts to about 5-9% TPHs concentration in the soil. 
T6
With the actual experimental value (tolerance limit) of 176969 mg/Kg, time projected to reach soil threshold value via PFO is 88 days with about 94% TPHs removal (Table ST4). 

With a higher dilution of 178,071 mg/Kg, the projected time to achieved soil threshold value is still at 88 days with about 94% TPHs removal (Table ST4). Further dilutions of 133,552 mg/Kg, will take 79 days; 89,031 mg/Kg, 67 days; and 44,519, 46 days. 

Therefore, for a 90-day remediation period, no further soil dilution will be required for this treatment.

T7

With the actual experimental value (tolerance limit) of 312023 mg/Kg, time projected to reach soil threshold value via PFO is 121days with about 97% TPHs reduction (Table ST4). 

With a lower dilution of 178,071 mg/Kg, the projected time to achieved soil threshold value is at 101 days with about 94% TPHs removal (Table ST4). Further dilutions of 133,552 mg/Kg, will take 91 days; 89,031 mg/Kg, 77 days; and 44,519, 52 days. 

Here, we notice the initial TPHs concentration used in the study offers lower removal efficiency than the further dilutions. Thus, the initial TPHs concentration used in the study (312023 mg/kg) was not the most suitable as the initial starting concentration for the agent.  Further dilutions of the soil samples are required for better remediation efficiency of the agents. 
The projections reveal dilutions of at least as low as 178,071 mg/Kg to attend soil threshold values within reasonable time of within 90 days (±10 days).  This amounts to about 18% TPHs concentration in the soil.
T8
With the actual experimental value (tolerance limit) of 293794 mg/Kg, time projected to reach soil threshold value via PSO is 32 days with about 97% TPHs reduction (Table ST4). 

With a lower dilution of 178,071 mg/Kg, the projected time to achieved soil threshold value is at 31 days with about 99% TPHs removal (Table ST4). Further dilutions of 133,552 mg/Kg, will take 31 days; 89,031 mg/Kg, 30 days; and 44,519, 26 days. 

Therefore, for a 90-day remediation period, no further soil dilution will be required for this treatment.

For T9
With the actual experimental value (tolerance limit) of 229461 mg/Kg, time projected to reach soil threshold value via PFO is 105 days with about 97% TPHs reduction (Table ST4). 

With a lower dilution of 178,071 mg/Kg, the projected time to achieved soil threshold value is at 97 days with about 99% TPHs removal (Table ST4). Further dilutions of 133,552 mg/Kg, will take 87days; 89,031 mg/Kg, 73 days; and 44,519, 50 days. 

The actual experimental data (tolerance limit) of 229461 mg/Kg produced an efficiency of 97% at 90 days (±10 days).  The TPHs removal here is quite below the threshold value. Therefore, for a 90-day remediation period, no further soil dilution will be required for this treatment.

For T10
With the actual experimental value (tolerance limit) of 191336 mg/Kg, time projected to reach soil threshold value via PSO is 47 days with about 97% TPHs reduction (Table ST4). 

With a lower dilution of 178,071 mg/Kg, the projected time to achieved soil threshold value is at 47 days with about 99% TPHs removal (Table ST4). Further dilutions of 133,552 mg/Kg, will take 46 days; 89,031 mg/Kg, 44 days; and 44,519, 39 days. 

Here, the actual experimental data value of the projected time to reach soil threshold with the experimental data is within the 90 days. 

Therefore, for a 90-day remediation period, no further soil dilution will be required for this treatment.
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