TREATMENT OF PETROCHEMICAL WASTE WATER USING FENTON OXIDATIVE METHOD

Abstract
The remediation of surface water contaminated with diesel using Fenton oxidative method was investigated at ambient temperature (28-34oC) for effectiveness and optimum conditions established. Results obtained from optimization studies for the Fenton-oxidative method employed in the study were 400,000 mg/L H2O2 and 300 mg/L FeSO4 and all samples adjusted to pH between 2.50-3.00. At the end of the chemical remediation experiment, the Fenton-oxidative method was found to be extremely rapid, with the reaction being exothermic and following second order kinetics, 88.80% removal efficiency of total petroleum hydrocarbon as diesel was achieved after one hour under water. Results under organic layer with extraction using n-hexane were erratic as there was no significant change which could be as a result of complexation between the Fenton’s reagents and the diesel. The reaction followed a pseudo-first order kinetics with the rate constant of 1.16 x 104 min-1 mg/L. The Fenton-oxidative method for surface water polluted with diesel gave remediation efficiency of 39.62% (Cd), 53.23% (Ni), 21.79% (Pb), 38.89% (Hg), 68.75% (Se), and 82.65% (Cr). Except for Chromium and Selenium, other heavy metal concentrations were higher than the maximum permissible levels recommended by World Health Organization (WHO).  This suggests that Fenton oxidative method is not effective in the removal of Cd, Pb, Ni, and Hg from surface water polluted with diesel. The values of the physicochemical parameters of the surface water contaminated with diesel were similar with the unpolluted surface water sample and World Health Organization (WHO) permissible limits. This implies that diesel polluted surface water remediated by Fenton-oxidative method needs post-treatment to improve on its portability for drinking/domestic and agricultural uses. In conclusion, the Fenton-oxidative method was found to be very effective in remediating surface water contaminated with diesel.
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1.0 Introduction
There has been a rapid increase in population worldwide resulting in increased demand for hydrocarbon products such as diesel, petrol, kerosene, pesticides and industrial chemicals [3]. Although many chemicals are utilized or destroyed, a high percentage is released into the air, water, and soil representing a potential environment hazard [1,8].
Contamination of water is a major global problem which requires ongoing evaluation and revision of water resources policy at all levels [9]. Petroleum hydrocarbons polluted water has been suggested to be the leading world-wide cause of disease and deaths; it accounts for the death of more than 14,000 people daily. Processing and distribution of petroleum hydrocarbons as well as the of petroleum products when released, leads to contamination of soil [2] and these petroleum hydrocarbons end up in surface and ground  water [10]. Therefore, the water is also affected since the petroleum products are washed down into rivers, streams, oceans, and other water bodies or may sink down through the soil and contaminate ground water [11].
Changes in water properties such as turbidity, alkalinity, TDS, etc due to contamination with petroleum-derived substances lead to oxygen deficiency in the water which affects living organisms in the water and those who utilize the water for drinking, cooking, and other purposes [12].
Petroleum-derived substances are usually less dense than water and so they float or are found on top of the water during spillage and this inhibits light penetration which affects phytoplankton in the contaminated water during the process of photosynthesis [13]. 
Hydrocarbon spill is a serious threat to the ecology [7]. As reported by Dorn et al., [4], hydrocarbon contains substances that are toxic to the flora and fauna found in the ecosystem such as diesel which contain low molecular weight compounds and high proportion of saturated hydrocarbons that are usually more toxic than long chain hydrocarbons [14].
Diesel pollution is on the increase in Nigeria as well as in other developing countries [8]. Pollutants enter the environment directly as a result of accidents, spills during transportation, leakage from waste disposal or storage sites or from industrial facilities [6].
So therefore, Fenton oxidative method is used to remove these pollutants from the environment because it is eco-friendly and cost effective as compared with other methods [15]. 





2.0 Materials and Methods
2.1 Sampling Method
Surface water sample was obtained by the grab sampling method along the bank of the flowing River Bali which flows through the Bali main brige in a 25 litre container from the River Bali [5].
2.2 Source of Diesel Oil 
Diesel oil was obtained from Nigeria National Petroleum Corporation (NNPC) retail Station, Kofai, Jalingo Local Government Area, Taraba State and used as received.
2.3 Preparation of Samples
Pollution was simulated in the laboratory by contaminating 45 mL of the surface water sample with 5 mL of diesel-oil in several beakers to produce 10% contamination.
2.4 Instrument Requirements
Different hydrocarbons in water showed absorbance at specific wavelengths. Spectrophotometric measurements gave satisfactory accuracy, sensitivity, reproducibility and linearity at different wavelengths used. Stable electricity was ensured via the use of generator and uninterrupted power supply (UPS) device for reliable performance. In the study a spectrophotometer was used in preference to a Colorimeter to reduce the interference from unwanted Chromogen.
2.5 Statistical Treatments
Samples were prepared in replicate of three to provide data for statistical treatment. Standard deviation, relative standard deviation, and coefficient of variation (CV) calculations were used to checkmate indeterminate (random) error. Blank runs were also conducted to reduce the occurrences of determinate errors.

2.6 Optimization Study
Optimization study was carried out to determine the optimum conditions for concentration of hydrogen peroxide while that of pH was adopted for literature as used by Medjor et al., [5]. These conditions were subsequently applied to kinetics studies.
2.6.1 Fenton-oxidative Method
Treatment Concentration: A 300 ppm FeSO4 + 50,000 ppm H2O2 in 1:5 ratio by volume. Several solutions of 10% contamination of diesel-oil in 45 mL surface H2O was prepared and 6 cm3 of 300 ppm FeSO4 + 30 cm3 of 50,000-500,000 ppm H2O2 was added to each solution [5] and kept for 1 hour until extraction and analysis. TPH as diesel was determined by T-60 UV/Visible spectrophotometer at a wavelength of 350 nm following laboratory method adopted by [5].
2.6.2 FeSO4 Concentration
The best concentration for FeSO4 used in the treatment solution was adopted from literature as used by [5].
2.6.3 pH Adjustment
The pH of all replicate water samples contaminated with diesel was adjusted to pH values of between 2.50-3.00 using 1M H2SO4 and 1M NaOH and then was treated with the optimal treatment concentrations obtained from 2.6.1 and 2.6.2, kept for 1 hour until extraction and analysis. This is because Fenton reaction only works in an acidic medium (pH 2.00 and 4.00).
3.0 Results and Discussion
Results obtained have shown that surface water sample contaminated with diesel gave an optimum remediation 0f 88.80 when treated with 400,000 mg/L H2O2 and 300 mg/L FeSO4 with each solution being adjusted to between pH 2.50 and pH 3.00. Table 1 shows the results that were obtained during the optimization studies and figure 1 shows the graph of % remediation against concentration of hydrogen peroxide used with the readings taken under water (without extraction with hexane).












Table 1: Results obtained from readings under H2O during optimization of H2O2
	S/N
	Concentration of H2O2 (%)
	Replicate 1
	Replicate 2
	Replicate
3
	TPH mean (mg/L)
	Standard
Deviation
	RSD
	CV
	% Remediation

	1
	5.00
	656.80
	913.30
	904.30
	824.80
	145.56
	0.17643
	17.643
	80.80

	2
	10.00
	1328.00
	980.80
	884.20
	1064.33
	233.39
	0.21929
	21.929
	75.20

	3
	15.00
	781.80
	823.70
	982.00
	862.50
	105.59
	0.12242
	12.242
	79.90

	4
	20.00
	882.10
	1384.10
	1142.10
	1136.10
	251.05
	0.22098
	22.098
	73.60

	5
	25.00
	591.90
	528.20
	599.80
	573.30
	39.26
	0.06847
	6.847
	86.70

	6
	30.00
	551.10
	473.20
	477.30
	500.53
	43.84
	0.08759
	8.759
	88.40

	7
	35.00
	745.20
	467.00
	439.70
	550.63
	169.05
	0.30701
	30.701
	87.20

	8
	40.00
	457.80
	589.50
	394.40
	480.57
	99.52
	0.20709
	20.709
	88.80

	9
	45.00
	759.30
	521.20
	416.90
	565.80
	175.50
	0.31019
	31.019
	86.80

	10
	50.00
	1335.10
	490.60
	659.10
	828.26
	446.94
	0.53961
	53.961
	80.70


RSD = Relative Standard Deviation; CV = Coefficient of Variation

From Table 1, the concentration that gave the highest remediation was 40% H2O2. Also, a range of 25% to 45% H2O2 gave a very good result in remediation. This is in line with the optimum concentration used by Medjor et al., 2012 who used 25% in their studies with crude oil.


Figure 1: Optimization graph of % Remediation against concentration of H2O2




Table 2 Results obtained from organic layer during optimization of H2O2
	S/N
	Concentration of H2O2 (%)
	Replicate 1
	Replicate 2
	Replicate
3
	TPH mean (mg/L)
	Standard
Deviation
	RSD
	CV
	% Remediation

	1
	5.00
	3527.70
	3432.90
	3480.20
	3480.27
	47.40
	0.0136
	1.36
	18.50

	2
	10.00
	3603.00
	3692.30
	3453.40
	3582.90
	120.71
	0.0336
	3.36
	16.10

	3
	15.00
	3286.50
	3535.80
	3541.80
	3454.70
	145.69
	0.0421
	4.21
	19.10

	4
	20.00
	3324.10
	3234.90
	3247.40
	3268.80
	48.30
	0.0147
	1.47
	23.50

	5
	25.00
	3526.90
	3378.40
	3306.30
	3403.87
	112.48
	0.0330
	3.30
	20.30

	6
	30.00
	3555.50
	3513.50
	3424.20
	3497.73
	67.05
	0.0191
	1.91
	18.10

	7
	35.00
	3596.70
	3534.50
	3524.30
	3551.83
	39.19
	0.0110
	1.10
	16.80

	8
	40.00
	3580.80
	3650.70
	3637.20
	3622.90
	37.08
	0.0102
	1.02
	15.20

	9
	45.00
	3293.20
	3447.20
	3414.90
	3385.10
	81.21
	0.0239
	2.39
	20.80

	10
	50.00
	3326.50
	3223.60
	3193.40
	3247.83
	69.78
	0.0214
	2.14
	24.00


RSD = Relative Standard Deviation; CV = Coefficient of Variation

From Table 2 above, the % remediation was quite low as compared to the % remediation obtained in Table 1. The values for the initial TPH without the introduction of the Fenton’s reagent were 4297.70 mg/L and 4271.30 mg/L for readings under water (without extraction) and under the organic (hexane) layer, respectively. The values are so close to each other such that one would expect the % remediation in the organic (hexane) layer and the % remediation for readings under water (without extraction) to be very close. The possible explanation for this drop in % remediation in the organic (hexane) layer as compared to the % remediation for readings under water (without extraction) is that there could be complexation between the Fenton’s reagents and the diesel or n-hexane or both.


Figure 2: Graph of % Remediation against H2O2 from organic layer readings in optimization of H2O2

Kinetics of Fenton oxidative method was investigated for its order of reaction. The concentration of total petroleum hydrocarbon left was plotted against time using the data provided in Table 3 and represented in figure 3 and figure 4 for the second order profile. This was a strong indication that there was interaction between total petroleum hydrocarbon molecules and the reacting species of the treatment solution in the Fenton-oxidative method employed in the study.

Table 3 Kinetics data for diesel form readings under water (without extraction0, in Fenton-oxidative method 
	S/N
	Time (min)
	Replicate 1
	Replicate 2
	Replicate 3 
	TPH Mean left as diesel (mg/L)
	STDEV
	Ln(B0/B1)

	1
	0
	4455.40
	4451.30
	3986.50
	4297.73
	269.54
	-

	2
	5.00
	2320.20
	1681.90
	2960.20
	2320.77
	639.15
	0.7889

	3
	10.00
	2333.50
	2076.40
	2114.00
	2174.63
	138.86
	0.8667

	4
	15.00
	1905.10
	1919.00
	1806.20
	1876.77
	61.51
	1.0469

	5
	30.00
	1013.50
	952.90
	913.40
	959.93
	50.42
	1.9828

	6
	45.00
	702.10
	953.20
	952.20
	869.17
	144.68
	2.1492

	7
	60.00
	457.80
	589.50
	394.40
	480.57
	99.52
	2.1908


STDEV = Standard Deviation; Ln = Natural log; B0 = Initial concentration of diesel; B1 = Concentration of diesel at time t.

Figure 3: Test for second order reaction kinetics in Fenton oxidative method (for readings under water)
This result is in line with the findings of Medjor et al., 2012, who also reported a similar case of works of EPA, (2000).


Figure 4: Second order profile (for readings under water)

The rate constant of the Fenton-oxidative method used in the treatment of diesel contaminated surface water samples was 1.16 x 104 min-1 mg/L. The half-life of second-order reaction kinetics was 8.62 x 10-5 min-1. It was observed that an effective removal of diesel from the contaminated surface water samples required optimum period of 1 hour achieving a remediation of 88.80%.

Table 4 Kinetics data from organic layer for diesel in Fenton oxidative method
	S/N
	Time (min)
	Replicate 1
	Replicate 2
	Replicate 3 
	TPH Mean (mg/L)
	STDEV
	Ln(B0/B1)

	1
	0
	4446.50
	4197.50
	4169.80
	4271.27
	152.39
	

	2
	5.00
	3467.10
	3442.60
	3376.80
	3428.83
	46.70
	0.219

	3
	10.00
	3588.50
	3600.40
	3587.00
	3591.97
	7.34
	0.173

	4
	15.00
	3455.80
	3398.30
	3398.70
	3417.60
	33.08
	0.223

	5
	30.00
	3854.00
	3904.50
	3921.80
	3893.43
	35.23
	0.093

	6
	45.00
	3760.20
	3723.00
	3685.90
	3723.03
	37.15
	0.137

	7
	60.00
	3580.80
	3650.70
	3637.20
	3622.90
	37.08
	0.165


Key: STDEV = Standard Deviation; Ln = Natural log

Figure 5: A graph of kinetics of readings from organic layer

Figure 6: Second-order profile for organic layer

The result of the data obtained from readings of the organic layer were presented in Table 4 which was used in plotting a graph of TPH left against time as shown in figure 5. earlier investigators like [5] observed that TPH decreased that TPH decreased with time but that trend wasn’t seen in the organic layer readings. This could be as a result of complexation between the Fenton’s reagent and the diesel hydrocarbon. The supposed second-order profile in figure 6 was erratic which could also be due to complexation between Fenton’s reagent and the diesel.


3.4.1 Physicochemical Parameters
Table 5 summarized the results for electrical conductivity, NH4 alkalinity, turbidity, nitrate, chloride, phosphate, TDS, Ammonia, and heavy metals (Cd, Ni, Pb, Hg, Se, As, Cr, and V) determined in diesel unpolluted surface water sample, polluted surface water sample without treatment and polluted surface water sample remediated by Fenton-oxidative method.

Table 5 Physicochemical parameters of unpolluted, polluted, and remediated surface water samples.
	S/N
	Physicochemical parameter
	Surface water
	Polluted surface water
	Remediated surface water
	Remediated back to surface water level
	Within WHO or
FEPA level
	WHO/FEPA standards

	1
	Turbidity (NTU)
	20.50
	144.00
	17.00
	√
	X
	5.00

	2
	Alkalinity (mg/L)
	66.00
	80.00
	Nil
	√
	√
	100.00

	3
	Chloride (mg/L)
	0.80
	0.40
	0.60
	√
	√
	250.00

	4
	Nitrate (mg/L)
	1.68
	2.37
	1.69
	√
	√
	50.00

	5
	Phosphate (mg/L)
	0.14
	0.17
	0.13
	√
	√
	5.00

	6
	NH4 (mg/L)
	0.80
	0.61
	0.25
	√
	√
	0.50

	7
	TDS (mg/L)
	105.00
	120.00
	60.00
	√
	√
	500.00

	8
	Cd (mg/L)
	3.15
	53.00
	32.00
	X
	X
	0.003

	9
	Ni (mg/L)
	1.30
	7.74
	3.62
	X
	X
	0.02

	10
	Pb (mg/L)
	1.25
	3.90
	3.05
	X
	X
	0.01

	11
	Hg (mg/L)
	0.31
	1.44
	0.88
	X
	X
	0.001

	12
	V (mg/L)
	Nil
	Nil
	Nil
	Nil
	Nil
	

	13
	Se (mg/L)
	0.02
	0.16
	0.05
	X
	√
	0.05

	14
	As (mg/L)
	Nil
	Nil
	Nil
	Nil
	Nil
	0.01

	15
	Cr (mg/L)
	0.05
	0.98
	0.17
	X
	√
	0.50


√ = Yes; X = No

The turbidity of the surface water samples polluted with diesel was 144 NTU. This value is an indicator that the prepared sample was polluted which is in line with the value of turbidity in the work of Rump, H. H. (1991), who reported turbidity value of 100-275 NTU for polluted water. Diesel polluted surface water sample remediated by Fenton-oxidative method had turbidity value less than 20 NTU. This suggests low levels of dissolved suspended particles and very high quality water (WHO, 2010).
The Fenton-oxidative method for surface water polluted with diesel gave remediation efficiency of 39.62% (Cd); 53.23% (Ni); 21.79% (Pb); 38.89% (Hg); 68.75% (Se); and 82.65% (Cr). Except for Chromium and Selenium where chemical leaching of the metal in acidic medium was very effective, other heavy metal concentrations were higher than the maximum permissible levels recommended by World Health Organization (WHO). This suggests that Fento-oxidative method is not effective in the removal of Cd, Pb, Ni, and Hg from surface water polluted with diesel which was also observed by earlier investigators like [5].
In terms of the physicochemical parameters that were analysed, four out of the thirteen parameters that were determined were deviant i.e. they did not have values as close as those of the unpolluted surface water or the WHO permissible limits. This indicates that there was 69.23% remediation in terms of the physicochemical parameters.
4.0 Conclusion
From the results obtained and discussed, it shows clearly that remediation of diesel contaminated surface water occurred which to an extent is effective for most physicochemical parameters and in the removal of hydrocarbon from diesel contaminated surface water. There was 88.80% removal efficiency in using Fenton-oxidative method in the remediation studies. The remediated polluted surface water sample was also found to have most of its physicochemical parameters as close match with the unpolluted surface water sample and WHO permissible limits.
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Optimization graph showing % Remediation against concentration of hydrogen peroxide
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A graph of % Remediation against H2O2 concentration in the organic (hexane) layer in Fenton oxidative method
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TPH concentration as diesel against time in Fenton oxidative method
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A graph of second-order reaction kinetics showing TPH concentration as diesel against time in Fenton-oxidative method
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A graph of kinetics data of TPH mean against Time (min)
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