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The effect of moisture on the yield of 1.78 MeV silicon, 4.44 MeV carbon, 6.11 MeV oxygen, and 2.22 MeV hydrogen prompt gamma rays was studied in soil samples containing 5.1, 7.4, 9.7, 11.9 and 14.0 wt. % benzene . The prompt gamma rays were produced using  14 MeV neutron beams and were detected using a LaBr3:Ce gamma ray detector. The yield of 1.78 MeV silicon prompt gamma rays and 6.11 MeV oxygen gamma rays decreased with increasing sample benzene concentration indicating a loss of 14 MeV neutron flux in the sample due to the moderation of 14 MeV neutrons from hydrogen present in the benzene in the soil sample. This was confirmed through the increasing yield of 2.22 MeV hydrogen prompt gamma rays caused by the increasing thermal neutron flux with increasing concentration of benzene in the soil sample. The experimental yields of silicon, carbon, oxygen and hydrogen prompt gamma rays, measured as a function of benzene concentration in the soil samples, are in excellent agreement with the theoretical results obtained through Monte Carlo calculations. This study has provided useful results on benzene dependent variation of 1.78 MeV silicon gamma rays and 4.44  MeV carbon prompt gamma rays yields from soil samples containing 5.1-14 wt. % benzene. 

Introduction 
Hydrocarbon contamination contribute  significantly towards environmental pollution.  The  hydrocarbon pollution may be caused  from petroleum, pesticides or other toxic organic matter added to the environment. Generally  crude oil is a major contributor towards environmental  hydrocarbon contamination because of its widespread use and its associated disposal operations and accidental spills[Shukla Abha and Cameotra Swaranjit Singh]. The main problems with oil spill are the negative effects of ingesting toxic metals. Most of the oil spill contaminated sites containing appreciable amount of heavy metals and other contaminants could effect the health of people living in the neighborhood of such disaster area (Davies 1997; Amadi and Nma 1996). Effects of such pollution on the environment, humans, live stocks, wild life, aquatic life, crops and soil have been detected on the population living close to oil spill contaminated sites even after long time of spill occurrence (Lee 1993; Onianwa 1995).[ [ 2-Gondal]. The environmental damage that is a result of oil retraction and production can also be directly effect human life in the region. Damage can include pollution of water resources and contamination of the soil. Oil spills can interfere with the normal working of power stations and desalination plants that require a continuous supply of clean seawater and with the safe operation of coastal industries and ports.  {3-W. Cobrbett] . Petroleum hydrocarbon molecules, which have a wide distribution of molecular weights and boiling points, cause diverse levels of toxicity to the environment. The toxicity of the hydrocarbon molecules and their availability for microbial metabolism depend on their chemical and physical nature. Petroleum is toxic and can be lethal depending upon the nature of the petroleum fraction, the way of exposure to it, and the time of exposure. [Shukla Abha and Cameotra Swaranjit Singh].  
Petroleum hydrocarbons (PHC) are large group of varied compounds. The compound can be classified by number of carbon molecules and arrangement. The more carbon, the less volatile and higher the boiling point. Largest petroleum fraction, called light hydrocarbons (LHs) , contains  1 to 9 carbon molecules (C1-C9)   chains while the heavy PHC contains more than 10 carbon molecules chains (C10-C50). The light PHC can contaminate groundwater supplies, heavy hydrocarbons persist in the environment and tend to degrade soil quality. This requires monitoring light PHC’s in soil, particularly carbon. 
In case of PHC contamination measurement in soil, standard PHC detection methods involving laboratory analysis of soil samples are used.  Nonetheless, sample collection and analysis is a tedious task. Moreover, the samples are not always representative of the contamination conditions, and they tend to suffer significant degradation during transportation and handling, all the while the results of the analysis may not be immediately available. Nuclear techniques offer a rapid, non-destructive and bulk analysis technique. There are several application fields in which NAA has a superior, and in some cases even indispensable position compared to the other analytical methods. The nondestructive INAA is especially useful if materials to be analysed are difficult to take into a solution for analyses using some other techniques . The role of NAA biomedical, environmental and health-related studies, including nutritional studies seems to be firmly established {IAEA- TECOC-1121,….]. Neutron Activation Analysis technique was successfully used to measre pesticide and its residues[ V. P. Guinn,……}. It is difficult to imagine carrying out environmental control and monitoring without making use of nuclear methods. NAA and EDXRF allow fast screening of more than 30 elements of importance in environmental pollution control.[ Hellmut Glubrecht…}
Prompt   gamma neutron activation analysis (PGNAA)  technique utilizing 14 MeV neutron beam has been successfully used to  measure the carbon content in the topsoil layers ( Falahat et al., 2012;  Wielopolski et. al.,2000, 2008, 2011;  Parsons, et. al., 2011). Similar 14 MeV neutron based PGNAA measurements were carried out to detect H, C, and O concentrations in different organic  bulk samples (Naqvi et al., 2012, 2013a, 2013b). Neutron activation using 14 and 3 MeV  neutron generators have main applications in  study of environmental pollution in drinking water, accumulation of toxic elements (Hg, As, Pb) in fishes from rivers and sea; air pollution )[  Csikai,(1987]. Prompt gamma ray techniques based upon neutron inelastic scattering  (n,n’γ) and thermal neutron-capture (n,γ) reactions has been developed for application in environmental monitoring.[ MARKO MAUČEC( 2004)  ] . Previously prompt gamma ray measurements have been carried out to determine H, C, and O concentrations in different organic  bulk samples (Naqvi et al., 2012, 2013a, 2013b) using 14 MeV neutron based PGNAA setup The setup has been used to determine hydrogen and carbon contents of crude oil bulk samples. Results of this study will be described in following sections.
2  Gamma Ray Yield Calculations from benzene contaiminated-Soil Samples

The intensities  of 1.78 MeV  silicon, 6.11 MeV oxygen, and    2.22  MeV hydrogen  prompt gamma rays were calculated  from soil samples containing 0-15 wt. %  benzene using the general purpose MCNP4B2 code [Briesmeister  J. F, 1997]. The calculations were carried  for the 14 MeV neutron–based  PGNAA setup shown in Figure 1. The procedure used in the present study was similar to the one described earlier [Naqvi et al.,2013 ]. For continuation’s sake, it will be described briefly.  The simulations were carried out for prompt gamma rays induced by 14 MeV neutrons inelastic scattering in bulk soil samples.  The PGNAA setup mainly consists of a cylindrical polyethylene plastic sample container with 106 mm x 125 mm (diameter x height) dimensions. The sample container is placed at 0o angle with respect to the 14 MeV neutron beam and at a center-to-center distance of 70 mm  from the 14 MeV neutron source. The neutron source was assumed to be point source. The empty polyethylene container has  a mass of  96 g with a density of 0.92 g/cm3 .  The density of dry soil was taken as 1.69 g/cm3 . A  cylindrical 76 mm x 76 mm (diameter x height) LaBr3:Ce detector, placed at a center-to-center distance of 125 mm from the sample, detects the gamma rays from the sample  at an angle of 90o with respect to the 14 MeV neutron beam axis.  The detector is shielded against 14 MeV neutrons and gamma rays through tungsten and lead shielding, respectively. 

For this simulation study, the sample was divided into sub-cells of 1 cm thickness. This allowed the transport of the neutrons and gamma rays of appropriate statistical weight to the next adjacent cell, without any loss. The prompt gamma ray intensity was calculated in the detector volume using the F4 tally.  The chemical composition of the soil sample used in the simulation is given in Table 1. The soil samples were thoroughly mixed with water to achieve 0-15 wt. % benzene concentration. Gamma ray yields were calculated for 1.78 MeV silicon, 4.44 MeV carbon, 6.11 MeV oxygen, and 2.22  MeV hydrogen  prompt gamma rays.  The 2.22 MeV hydrogen gamma rays were produced due to capture of thermal neutrons in the hydrogen of the benzene in the sample. The thermal neutrons were produced due to moderation of 14 MeV neutrons in the sample.

Figures 2   shows the calculated  yield  of 1.78 MeV Si prompt gamma rays, 6.11 MeV O prompt gamma rays,  4.44 MeV carbon  and 2.22 MeV H  prompt gamma rays  as a function of benzene concentration in the soil samples. As the benzene concentration increases in the sample, the 14 MeV neutron flux decreases due to their increasing  moderation in the sample . This results in decreasing intensities of  the 1.78 MeV Si  gamma rays and the 6.11 MeV O gamma rays with increasing benzene concentration in the soil sample. This is clearly shown in Fig. 2 with the negative slope of the yield of  1.78 MeV Si and 6.11 MeV O  prompt gamma rays as a function of sample benzene concentration.  Although a benzene increase causes an increase in hydrogen concentration in the sample, but the decrease in 14 MeV flux is faster than the increase in oxygen concentration, thereby resulting in a net decrease in intensity of  6.11 MeV O gamma ray intensity, as shown in Figure 2. The increasing moderation of 14 MeV neutrons with increasing benzene concentration increases the thermal neutron flux in the sample . This results in an increase in the yield of 2.22 MeV H gamma rays from the soil sample as shown in Figure 2.  The 1.78 MeV Si prompt gamma rays and 2.22 MeV H  prompt gamma rays have opposite trends in intensity variation with increasing benzene concentration in the soil sample.  

3
Prompt Gamma Rays Yield Measurements benzene contaiminated-Soil Samples
The prompt gamma ray spectra from the soil samples and standards were recorded using the 14 MeV neutron based PGNAA setup described in the earlier studies [Naqvi, 2013]. The setup is located at the end of the zero-degree beam line located  in a reinforced concrete room. The experimental setup has already been described earlier in Section 2. A pulsed beam of 14 MeV neutrons was produced via the T(d,n) reaction using a pulsed  110 keV deuteron beam with  200 nano-sec  pulse width and a frequency of 31 kHz. The typical pulsed beam current of the accelerator was 60 (A averaged over the duty cycle of the 350 kV accelerator. The fast neutron flux from the tritium target was monitored using a cylindrical 76 mm x 76 mm (diameter x height ) NE213 fast neutron detector, placed at a distance of 1.8 m from the target and making  an angle of 130o with respect to the beam. The neutron flux spectrum was recorded through the proton recoil spectrum of the NE213 liquid scintillation detector during each run. The neutron detector signals were acquired through a single channel analyzer, whose lower level was set at half-Cs pulse height bias that was electronically set by using the Compton edge spectrum of the 137Cs gamma ray source. The neutron spectrum counts were integrated for each run and were used later on for neutron flux normalization.  The prompt gamma-ray spectra of the  LaBr3:Ce detector were  recorded for a preset real time.  The neutron and gamma ray detectors’ spectra were acquired with a PC-based data acquisition system utilizing fast multichannel ADC buffer module ‘ETHER-NIM 90E’ manufactured by EG&G-ORTEC. The module utilizes Scintivision software to analyze the pulse height spectra of the detectors. Each detector spectrum was acquired in 512 channels.
For prompt gamma ray analysis, the soil samples were prepared by mixing 1863.8 g  of dry soil with 5.1, 7.4, 9.7, 11.9 and 14.0 wt. % benzene. The soil and water were thoroughly mixed together and soil completely absorbed the water. Then, the dry soil and as well as soil mixed with benzene samples were filled in plastic containers with 106 mm x 125 mm (diameter x height) dimensions. Empty and filled sample containers were then irradiated in the 14 MeV neutron-based  PGNAA setup.  The empty container measurements were only repeated a few times because they had almost a constant spectrum. The empty container spectrum was used later on for background subtraction. The prompt gamma-ray data from the samples were acquired using the personal computer-based data acquisition system described earlier. 
3.1
Gamma Ray Yield Measurements 

For the identification of   high-energy silicon and oxygen gamma ray peaks in the soil sample spectrum, gamma ray yields from samples with known elemental composition were recorded. For the identification of the silicon peak, the gamma ray spectrum was recorded from a silica fume sample.  Silica fume has a 43.2 wt. %  concentration of silicon (Naqvi et al., 2009).  For the oxygen peak identification in gamma ray spectrum, a water sample was used. Figure 3 shows the prompt gamma ray spectra from silica fume and water samples superimposed upon each other over 0.76-8.20 MeV range. The 1.78 and 2.22 MeV gamma ray peaks from silicon and hydrogen, respectively, are quite prominent in Fig. 3 along with the 2.62 and 6.11 MeV peaks from lead and oxygen.   Figure 4 shows the prompt gamma spectra of silica fume and water samples superimposed over the 1.66-2.92 MeV range showing 1.78, 2.22 and   2.62 MeV prompt gamma rays from silicon, hydrogen and lead (shielding material), respectively.  The Single Escape peak (SE) corresponding to the 2.62 MeV full energy peak of lead is also shown in Fig. 4.
Figure 5 shows a prompt gamma spectra of a pure benzene sample .
4
Results and Discussion

After the identification of silicon , hydrogen ,  carbon and oxygen prompt gamma ray peaks in the gamma ray spectrum, gamma ray spectra from dry soil and soil mixed with 5.1, 7.4, 9.7, 11.9 and 14.0 wt. % benzene were recorded to study the effect of moisture using the PGNAA setup. The prompt gamma-ray data from the samples were acquired for 20-30 minutes. Figure 5 shows the pulse height spectrum of a soil sample containing 5.1 wt. % benzene over 0.76-6.88 MeV energy range superimposed upon a spectrum of dry soil sample. 

In order to show the effect of benzene on silicon, hydrogen, carbon and oxygen prompt gamma ray yields, enlarged soil spectra containing 5.1 to 14  wt. % benzene are superimposed upon a dry soil sample spectrum, as shown in Figures 6-8. Figure 6 shows enlarged soil spectra containing 5.1 to 14.0  wt. % benzene over 1.66-2.41 MeV range showing 1.78 and  2.22 MeV gamma ray peaks from silicon and hydrogen. Effects of benzene on gamma ray yields is quite significant and the yield of 1.78  MeV Si  gamma rays decreases with increasing moisture, with its maximum yield observed for the dry soil sample . The intensity of the 2.22 MeV gamma ray peak from hydrogen increases with benzene contents and maximum yield of the hydrogen peak is observed for the soil sample containing 14 % moisture. Figure 7 shows the 1.78 MeV Si peak on an enlarged scale over 1.65-1.95 MeV energy range, and the decreasing trend of the Si peak intensity with increasing benzene contents of the sample are quite prominent. 

Figure 8 shows the 2.22 MeV hydrogen peak along with the single escape (SE) peak corresponding to 2.62 MeV full energy peak of lead plotted over 1.95 to 2.55 MeV energy range for samples containing 5.1-14.0 wt. % benzene. The increasing trend of the hydrogen peak with increasing benzene concentration is quite prominent.

 Figure 9 shows the 6.11 MeV oxygen full energy and the corresponding single escape (SE) peaks’ intensities for different samples containing 5.1-14.0 wt. % benzene. Figure 10 shows the 6.11 MeV oxygen full energy peak on an enlarged scale plotted over 5.92 to 6.24 MeV energy range for samples containing 5.1-14.0 wt. % benzene. The decreasing peak intensity of the 6.11 MeV oxygen full energy peak with increasing benzene  concentration is clearly visible in Figure 10. 
Finally, the background was subtracted under the 1.78 MeV  Si,  2.22 MeV hydrogen and 6.11 MeV oxygen peaks from each sample spectrum. The counts under each peak  were integrated and normalized to the same neutron flux using the NE213 neutron monitor spectra. Then the corrected net counts for 1.78   MeV Si, 2.22 MeV H, and 6.11 MeV O peaks were plotted as a function of sample benzene concentration and are shown in Figs. 11-13. 

Figure  11 shows the integrated yield of the 1.78 MeV silicon peak plotted as a function of sample benzene over 0-16 wt. % concentration range. The dashed line fitted to the experimental data is the result of Monte Carlo calculations discussed in Section 2. Similarly, Figure  12 shows the integrated yield of the 2.22 MeV hydrogen peak plotted as a function of sample benzene  over 0-16 wt. % concentration range. The solid line shows results of Monte Carlo calculations obtained in Section 2. Figure 13 shows the integrated yield of 6.11 MeV oxygen peak plotted as a function of sample benzene over 0-16 wt. % concentration range. The solid line shows results of Monte Carlo calculations obtained in Section 2. Within the experimental uncertainties, the experimental results shown in Figures 11-13 are in good agreement with the results of Monte Carlo calculation.
This study has provided useful results on moisture-dependent correlations of NIS and TNC prompt gamma ray intensities from the same sample. The data obtained in the present study can be used to develop a scheme to correct for loss of NIS gamma ray intensity due to the presence of sample moisture.

Conclusion 

The effect of moisture on the yields of 1.78 MeV Si, 2.22 MeV H, 4.44 MeV carbon and 6.11 MeV   O prompt gamma rays from soil samples containing 5.1, 7.4, 9.7, 11.9 and 14.0 wt. % benzene was studied using a 14 MeV neutron-based PGNAA setup . Increasing benzene contents resulted in a decrease of the 14 MeV neutron flux and hence a decrease in the intensities of the 1.78 MeV Si and 6.11 MeV O gamma rays. Increasing benzene contents resulted, however, in an increase in thermal neutron flux and a corresponding increase was observed in the intensity of the 2.22 MeV hydrogen prompt gamma rays from the soil samples. The experimental results are in excellent agreement with the results of Monte Carlo calculations. This study has provided useful results on benzene related  intensity  variations in 1.78  MeV Si  and 2.22 MeV hydrogen prompt gamma rays. 
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Fig.12  Integrated yield of  2.22 MeV hydrogen peak from soil samples plotted as a function of moisture concentration of the soil samples over 0-16 wt% moisture concentration. The line fitted to the experimental data are results of Monte Carlo simulations.

Fig.13  Integrated yield of  6.11 MeV oxygen peak from soil samples plotted as a function of moisture concentration of the soil samples over 0-16 wt% moisture concentration. The line fitted to the experimental data are results of Monte Carlo simulations.
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Table 1: Chemical composition of dry soil sample used in the present study. (Naqvi et al., 2009)
	Composition
	Constituents ( Wt%)

	SiO2
	88.01

	Al2O3
	1.99

	Fe2O3
	0.28

	MgO
	0.57

	CaO
	3.18

	Na2O
	0.44

	K2O
	0.85

	TiO2
	0.27


List of Tables
 Table  1: Chemical composition of dry soil sample used in the present  study.
Table   2: Elemental composition of standards used in this study
Table 3: Elemental composition of silica fume standard used in this study (Naqvi,2009)
Table 1: Chemical composition of a typical Crude Oil [ ]. 
	Composition
	Constituents ( Wt%)

	Carbon 
	84 - 87%

	Hydrogen
	11 - 14%

	Sulphur
	0 - 6%

	Nitrogen
	                  0 - 1%



	Oxygen
	0 - 2%


Table 2: Energy Contents of Fossil Fuels [ ]. 

	Fossil Fuel
	      H/C Ratio
	Energy Contents (kJ/g)

	Hydrogen
	-
	120

	Gas
	4/1
	51.6

	Petroleum
	2/1
	43.6

	Coal
	1/1
	39.3

	Ethanol
	3/1
	27.3


Table 2: Elemental composition of standards used in this study

	Compound
	Formula
	Molar mass (g/mol)
	Elemental 

Concentration

(wt. %)

	
	
	
	 H


	C


	N


	O

	Melamine
	C3H6N6
	126.12 
	4.8
	28.6
	66.7
	 -

	Urea
	CH4NO2
	60.06
	6.7
	20.0
	46.7
	26.7

	Methylene blue
	C16H18N3SCl
	319.8
	
	60.0
	
	0.0

	Benzene
	C6H6
	78
	7.7
	91.3
	0.0
	0.0


Table 3: Elemental composition of silica fume standard used  in this study(Naqvi,2009)
	Compound
	Composition

(Wt. %)

	SiO2
	92.5

	Al2O
	0.4

	Fe2O3
	0.4

	CaO
	0.5

	MgO
	0.9

	SO3
	0.5

	K2O
	0.4

	Na2O
	0.1
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Fig. 1
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Fig. 2
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Fig. 3 water-Benzene showing no-oxygen in Benzene
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Fig. 4- Water-Benzene-Hydrogen Peak-Ch 155
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Fig. 5- Water-benzene- showing Carbon in benzene and oxygen in water
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Fig. 6 water-silica-fume samples showing Si, hydrogen and oxygen .
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Fig. 7 water-silica-fume samples showing Si, hydrogen and lead peaks 
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Fig. 8  Benzene-soil-all
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Fig. 9  Enlarged-Si
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Fig. 10- Hydrogen-Enlarged
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Fig.11- Carbon
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Fig. 12- Oxygen-enlarrged-full-energy
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Fig. 13  Si yield
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Fig. 15   Carbon yield
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Fig. 16  Hydrogen yield
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