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Abstract
In recent decades, landfill sites have been a potential source of contamination, which can have a negative impact on the environment due to the accumulation of heavy metals and processed organic products. In the Tangier landfill, the different wastes types are without any prior treatment and any protection of the soil. This behavior constitutes a risk factor for contamination of soil and groundwater. Between the waste and soil, many physico-chemical and biological reactions occur. The objective of this work effort is to derive a global and in-depth characterization of the organic and mineral matter of the soil samples from Tangier landfill. The study of organic matter (OM) in soils helps to understand the evolution of soil contamination. Eight samples of soil have studied using a range of chemical and physical analytical methods. FT-IR spectroscopy and X-ray diffraction analyses have used to investigate the nature of organic matter. The analysis of heavy metals in the soil showed that the presence of Pb, Cd, As, Cr and Zn significant quantities whose it is mainly due to industrial waste.

Keywords:  wastes, Organic matter, X-ray diffraction, heavy metals.
1. Introduction
The increase in industries and population growth in the world, have led to a huge growth of contaminating waste, which must managed well to avoid the transfer of environmental pollution [1]. Implementing landfill solid waste without any prior treatment and without any protection of the soil in landfill sites constitutes a risk factor of contamination of soil surface and groundwater. Landfill is the most common way of storing waste around the world. This practice leads to the gaseous emissions and liquid leachates that are produced after waste decomposition and rainwater percolation [1,2,3]. Their composition varies considerably, depending on the origin and nature of the disposed waste, the landfill geographic location and the climate conditions [2,4]. There are different types of pollution, in particular chemical, physical, radioactive and biological pollution. This study aims to provide baseline data on the chemical and metal pollution contained in the soil in northern Moroccan city (Tangier). Large quantities of heavy metals (in solid forms) have buried during storage of municipal or industrial waste. The purpose of this study is to investigate mainly the organic parameters and the total concentrations (mg/kg dry matter) of metals Zn, Cr, Pb, Cd, and As to assess and quantify the organic and metallic pollution, and learn about how urban and industrial activities may generate this pollution. Moreover, MEB, X-ray diffraction and spectroscopic analyses (FT-IR, UV-visible) have used to investigate the organic and the inorganic matter nature of the soils. For FT-IR analysis, we focused on the absorption bands in the region of 400–1000 cm-1 in order to obtain detailed information of organic matter nature of soils.
2. Materials and methods
2.1. Sites
The landfill of Tangier city is uncontrolled and open, it located southeast of the town 5 km from the center of city on the road (RN2) into Tetouan, and it extends on a flat 20 ha. It has put into operation in the early 1970 on land belonging to the private domain of the State. The landfill is located on hills surrounded by the valleys of the bottom Moghogha and GhirBoudra south and those bottoms MlalehKhandak and BouHajjar of east. 
The quantity of waste has closely linked to population ratio and the production of waste. 
2.2. Soil samples
Eight samples have collected from the surface layer of soil (0-20 cm) from landfill uncontrolled of tangier. These samples obtained from the landfill have manually sorted to remove metal, plastic, glass, and stone. Residual samples were ground and sieved particles smaller than 2mm in diameter have used for analyses.
2.3. Soil analysis
Soil pH was measured in water, and also in 0.1 M KCl (soil/solution ratio 1/2.5), using a glass electrode The organic matter (OM) content was determined by the loss on ignition of the dry mass at 550 °C, and the total nitrogen (Nt)––by the Kjeldahl method. The organic carbon content (Ct) has determined using TOC/TNb2100S (Tangier, morocco) Analytik jena analyzer.
The contents of heavy metals (Zn, Cr, Pb, Cd, and As) in the sediments were determined by Atomic- plasma emission Spectroscopy ICP AES (Ultima 2 – JobinYvon) in (CNRST) national center of scientific research. The obtained results have expressed in mg/kg. In this work, the choice of these metals takes in consideration those most dangerous and most frequently met in the soil. Moreover, these metals have usually used in the industrial.
2.4. UV–Vis spectroscopy of soil samples
One gram of each soil sample has weighted into a 250 ml polyethylene flask and extracted with 50 ml of 0.5M NaOH by shaking for 2 h. After, the flask was leaving overnight. Next day the suspension has centrifuged at 3000 rpm for 25 min and the absorbance (A) of the supernatant has measured at λ=280 nm (A280) and 664 nm (A664) [5]. The following absorbance ratios indicating the degree of humification were calculated: Q2/6 =A280/A664, Q2/4 = A280/A472. The Q2/4 reflects the proportion between the lignins and other materials at the beginning of humification, and the content of materials at the beginning of transformation. The Q2/6 denotes the relation between non-humified and strongly humified material. The Q4/6 is often called the humification index and is the most often calculated ratio. Typical values of the Q4/6 ratio for humified material are usually <5 [6,7]. 

2.5. FT-IR spectroscopy
Pellets have prepared by mixing 1 mg of each freeze-dried sample with 100 mg of KBr so that the mixture became homogeneous. Infrared spectra have recorded on these pellets with JASCO Corp., FT/IR-410 spectrometer over the 4000–400 cm-1 range.
2.6. X-ray diffraction
For X-ray diffraction analysis, samples ground into powder were suspended in deionized, distilled water then smeared on glass slides, air-dried, and analyzed with Diffractometer system=XPERT-PRO (Operator: C.N.R.S.T, morocco) using Cu as a node Material and  generator settings of 40 mA, 45 kV.
3. Results
3.1. Physico-chemical analyze 

Table 1: Some physico-chemical parameters of the landfill Tangier soil samples
	Samples
	Dry
Matter
%
	pH eau
	OM %
	EC ms/cm
	CaCO3%

	COT%
	NOT%
	Size fractions

	
	
	
	
	
	total
	active
	
	
	clay 
	silty
	sandy

	P1
	96,86
	7,40
	3
	5,91
	29,50
	14,20
	1,76
	0,19
	20
	60
	20

	P2
	96,40
	7,77
	0,17
	4,81
	28,40
	11,75
	0,10
	0,01
	35
	45
	20

	P3
	90,80
	7,51
	7
	3,94
	25,20
	9,12
	2,83
	0,19
	18
	47
	35

	P4
	96,70
	7,65
	3,57
	3,77
	26,40
	10,35
	4,96
	0,38
	22
	38
	40

	P5
	88
	7,60
	12,41
	0 ,13
	15,90
	3,25
	7,50
	0,27
	35
	40
	25

	P6
	95,40
	8
	24
	3,65
	17,30
	5,30
	14,94
	0,73
	18
	52
	30

	P7
	99
	9,07
	5,40
	3,33
	24
	8,50
	4,02
	0,30
	10
	50
	40

	P8
	63,75
	7,50
	12, 30
	3,97
	25,50
	10,75
	10,06
	0,50
	29
	52
	19



The Table 1 shows the main physical and chemical characteristics, measurement of electrical conductivity (EC) of the soil is a property that has become one of the methods of measuring soil salinity [8]. For our samples, it has a high conductivity indicating that it is salty; EC values ​​are varied between 0.1282 ms/cm and 5,91 ms/cm. These values ​​are relatively high to EC cultivated soil [9] and similar to household waste compost values [7,9].
The pH is around neutral except P6 and P7 which is basic, so the medium is neutral-basic. Theoretically, at atmospheric pressure, the pH of the soil solutions increases with the presence of excess carbonate [10] and the presence of limestone in a soil, causes an increase of the total organic matter content. The most of the values ​​are highly calcareous varied between 15.90 and 29.50% (According to International Norm: NF ISO 10693). 
For organic matter, the percentage varies from one site to another (from 0.172% to 24%). The organic matter in landfill soils comes from several types of waste fermentable (degraded compounds, cardboard paper …) and other easily degradable compounds (such as plastics which are important sources of organic matter). Indeed, the organic material content is the parameter that has a very good correlation with the retention power of the organic and metal pollutants by the soil [11]. 
The C/N ratio does not exceed 15 in most samples except P5, P6 and P8, the maximum value (27.77) is observed in the P5 and similar to household waste compost values [12,13]. Landfill soil samples are poor in nitrogen (varies between 0.01 and 0.73%).
All of the physical and chemical properties of the soil have closely related to structure and texture. Soil particles are classified according to their diameter: sands (from 2mm to 50μm), silts (50μm to 2μm) and clays (<2μm). The distribution of these different particles makes it possible to determine the texture of the soils regardless of the nature and composition of these minerals.
Particle size fractionation have used regularly to measure the structural stability of a soil for studying the organic matter associated with stable aggregates. The granulometry study shows that the samples of soils rather coarse, with a predominantly silty texture) (Table 1). This study are realized by two modes (vertical vibration sieving and laser granulometry
According to their mineral quality, the silts do not stabilize the soil structure, unlike silts. This distribution indicates, according to the triangle of textures [14], that the soil of the landfill of Tangier is unstable.
3.2. Heavy metals
The results of heavy metals analyses of the superficial landfill soil samples shown in Table 2. Heavy metals are among the principal polluting agents of the soil environment. The more part of them are generally associated to the suspended matter or to the sediments, in particular those of the surface layer because it is where the phenomena of adsorption are most active. They could have two possible origins: natural origin by partial degradation of the rocks or an industrial origin related to the human activity [15,16]. The concentrations of heavy metals in the landfill of Tangier exceeding those authorized in landfill soil in other landfills [17], these high values ​​of heavy metals in soils can attributed to the nature and waste composition. Metal pollution of buried waste is a long-term problem; the metals have distributed in the soil in various forms. 
The five heavy metals cited in the study: Pb, Cd, As, Cr, and Zn. The results show in the different samples vary from 1,286 at 4,414mg / kg for cadmium; and from 4.47 at 7.30 mg / kg Arsenic; and from 85.72 at 340.84 mg / kg for Chrome ; and from 44.44 to298.36 mg / kg for lead; and from 488.9 to 16117.7 mg / kg for zinc.
Pb is toxic and is one of the least mobile metallic elements in the soil. It found commonly in household waste in developing countries because its use as a component of cells [18]. 
The middle concentration are beyond the AFNOR norm NF U 44-041[19] except P1 (Table 2), but below than that of other landfills in the world. The cadmium can generated by batteries but also plastics, glass and metals [18]. The total middle the Cd is higher than the AFNOR norm. Among the studied of heavy metals, the zinc concentrations has very high levels in landfill soils than that in natural soils (5 to 127 times higher in landfills than in natural soils [20]. The concentration of zinc in our study far exceeds the thresholds recommended by the AFNOR norm (300 mg / kg). Thus, the middle concentration of Cr detected in the 0-20 cm depth is higher than that found by CCME [21]; it is very small compared to the AFNOR norm. The high concentration of Cr can be explained by its anthropogenic in solid waste [22,23]. The concentration of As is very low compared than that found by CCME [21] and to than other landfill (Table 2). The presence of heavy metals in the discharge is not uniform. This is due not only to the heterogeneity of the waste but also to non-uniform degradation of this waste.
Table 2: Heavy metal content expressed in (mg / kg) of the Tangier landfill and other landfills; comparison with values given by AFNOR and CCME. 
	Landfill
	
	As 
	Cd 
	Cr 
	Pb 
	Zn 

	Tangier Morocoo
	P1 
	3,175 
	7,302 
	85,716 
	44,445 
	488,899 

	
	P3 
	1,855 
	5,964 
	119,278 
	106,02 
	975,431 

	
	P4 
	1,676 
	4,469 
	119,827 
	135,189 
	657,79 

	
	P5 
	1,286 
	4,716 
	340,836 
	151,983 
	16117,702 

	
	P6 
	2,548 
	5,096 
	129,94 
	185,993 
	13834,81 

	
	P7 
	4,414 
	5,885 
	107,106 
	298,366 
	3078,697 

	
	P8 
	1,536 
	6,145 
	92,17 
	156,177 
	1461,918 

	Ahfir-Saidia(Morocoo) [23] 
	33,96 
	- 
	75,74 
	656,46 
	62,87 

	Akouédo Abidjan [1]
	- 
	1 - 11,5 
	27,7 - 125 
	10,3 - 1500 
	18,6 - 1163,7 

	Al Ain (Emirats Arabes Unis) [1]
	- 
	0,043 
	19,1 
	13,7 
	117 

	Mal (NewJersey) [1]
	- 
	0,55-4,6 
	6-1260 
	- 
	13,2-1008 

	France [19]
	- 
	2 
	150 
	100 
	300 

	Canada [21]
	12 
	1,4 
	64 
	70 
	200 

	India [23]
	51,7 
	- 
	127,9 
	206,4 
	122,3 




3.3. FTIR spectra
The FTIR spectra of all seven samples were very similar in terms of the position of principal absorption bands and shoulders (figure 1). Fine bands located at 3697, 3650 and 3619 cm-1corresponding to stretching vibration of the OH group of the Si-O-H respectively kaolinite and silicates [24, 25]
All of the spectra have characterized by strong bands at around 3403cm-1 for O-H groups of alcohols, phenols and organic acids. 1636 cm-1 mainly for C=C stretching vibration of aromatic rings. The bands at 1433cm-1 and 874 cm-1 for C=O asymmetric stretching, O-H deformation and C-O-H deformation of carboxyl groups. The bands at 1102.1, 1162.8 and 921 cm-1 can be attributed to C–O stretching of carbohydrates, polysaccharides, acids, esters and ethers Amide III, acid or aliphatic alcools, deformation of C-O and O-H the carboxylic groups, compounds organo-sulfurs -C-O-C  particularly, Si-O-C grouping [26]. The bands at 1433 cm−1 and 874 cm−1 are similar to the results of pure calcite spectra (calcium carbonate CaCO3) [26]. The Two sharp bands at about 2922 cm-1and 2854 cm-1 due to aliphatic C-H group stretching, this band are more noticeable on P3. 
The band at 695 cm-1is associated with the deformation of the Si-O bonds of the Kaolinit, and the band (a shoulder in some cases) at 1799 cm-1 is attributed to the C=O stretching vibration of COOH, ketones, aldehydes and esters, this band very intense in P7 spectra.
Finally, in all spectra, a peak was detected at 1080–1030 cm-1and ascribed to the C–O stretching of polysaccharides and/or to Si–O vibrations of silicate impurities( is more intense for the samples P5et P8).Thus, the peaks between 520 and 470 cm-1are due to para-di-substituted aromatic groups [27].
Although the FTIR spectra seemed very similar, differences across the spectra were apparent in terms of the relative intensity of some bands, depending on the landfill depths position.

[image: ]
Figure 1: The FT-IR spectra of the soil of the eight different points of the Tangier landfill 
3.4. X-ray diffraction 
The X-ray diffraction is an analytical technique based on the X-ray diffraction on the material (This technique defines micro mineral phases and polycrystalline materialsà. X-Ray Diffraction (XRD) has performed to determine the mineralogical composition of the six soil samples (P1, P3, P4, P5, P7 and P8), (Figure 2).
Shows the proportion of quartz and calcite (the peaks located at 4,26 Å and 3,34 Å) contained in almost all the diffraction patterns of soil landfill samples.
Soil samples are composed in addition to quartz and calcite, kaolinite [Al2Si2O5 (OH) 4], Halite and muscovite, vanadian K(Al,V)2 (Si, Al)4O10 (OH) 2] for P1, of kaolinite [Al2Si2O5 (OH) 4] for  P8, hematite (Fe2O3) for P7 . These results are confirmed by SEM analyzes.

[image: ]
Figure 2: X-ray diffraction patterns of eight samples landfill soil samples at different position
3.5. Electronic scanning microscope analyze (SEM)	
Figure 3 shows the photograph taken at SEM with an EDS spectrum of Tangier landfill (P3). SEM results show that they mainly consist of quartz and numerous alloys based on Si, Ca, Fe, Al, Zn,  Mg ...
The two images in the figure 4 have demonstrated the existence of intra-granular porosity (rough surfaces and cracks) which are all factors leading to overestimation of the actual surface area of ​​the landfill soil.
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	Eléments 
	[%] 

	Oxygène 
silicium 
carbone 
aluminium 
calcium 
fer 
magnésium 
soufre 
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cuivre 
zinc 
	13.80 
15.29 
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2.55 
1.36 
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0.09 
0.15 

	


Figure 3: Shows the photograph taken at SEM with an EDS spectrum of Tangier landfill (P3)
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Figure 4: Picture SEM of P3 grain Tangier landfill, fraction <80 μm

Figure 4: Picture SEM of P3 grain Tangier landfill, fraction <80 μm
3.6. UV - visible spectroscopy
Many authors have used UV-Visible spectroscopy to characterize the degree of humification and stability of organic matter. According to the work of Swift, Kononova, Chen et al and Stevenson [28, 29, 30, 31] Q4/Q6 are used as an index of humification. In the same principle, Zbytniewski & Buszewski [7] identified three main areas within the spectra of alkaline extracts compost or soil. 

Table 3: Q465/665 and Q280/665 ratios of landfill soil samples at different position.
	Samples
	Q465/665
	Q 280/665

	P1
	10,20
	48,78

	P2
	12,10
	20,35

	P3
	9,90
	21,50

	P4
	6,74
	14,40

	P5
	4,26
	38,77

	P6
	4,87
	8,32

	P7
	11,14
	36,92

	P8
	8,25
	69,84


The region between 460 and 480 nm correspond to the organic matter at beginning of humification and the absorbance 600-670 nm correspond to highly humified matter and condensed with aromatic groups.
These ratios were calculated for 8 samples of the soil and the results are expressed in Table 3.
Decreases reports Q2/Q6 and Q4/Q6 indicate increased strongly humified organic matter in the soil and reflect a high degree of aromatic condensation and indicate a higher level of organic material humification [31,32] These results indicate that the landfill soil samples are in early humification (characterized by a large amount of fulvic acid and a low molecular weight[33].
4. Conclusion
This work brings to understanding the different components with soil in landfill.
The organic material content is the parameter that has a very good correlation with the retention power of the organic and metal pollutants by the soil,
Our soil is very rich with limestone (moderately and strongly calcareous) and the C / N ratio does not exceed 15 in most samples.
Thus, the medium concentrations of heavy metals observed are higher than the standard reference values and other landfill of polluted soils, especially Zinc, whose origin is probably anthropogenic (industrial waste).
For Spectroscopic (infrared and UV-visible) analysis the results indicates that these soils are high molecular weight organic compounds (humic substances).
Finally, analyzes of SEM showed the presence of intragranular porosities in grains. Moreover, the landfill Soil samples are composed to quartz and calcite the many mineral composite. 
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