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ABSTRACT 

 
This work has been conducted to study the molecular strcuture of sediments from 12 selected locations 

along Ismaillai canal. FTIR spectruma were assigned which indicating the possible interaction between heavy 
metals and humic acids. This is clear through the shift in the COOH band into COO asymmetric stretching of 
metal carboxylate around 1632 ~ 1637 cm-1. Another insight into the molecular structure of sediment is shown 
as the spectra are deconvoluted. Deconvolution indicates the existence of no reacted humic acid which confirms 
the process of metal interaction with organic acids reflected in the spectra.  
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Introduction 

 
The discharge of waste water without adequate treatment represents the main source of water pollution (G. 

Gunkel et al, 2007). Accordingly studying the effect of this discharge is neccessary in order to localize and 
control the pollution specially those affecting the aquatic system (A.S. Cohen et al, 1993; R.M. Awadallah, 
1996; M. A. Sayeda et al. 2011). Ismailia Canal provides water for irrigation; navigation; industrial and 
domestic purposes to areas in the eastern region of Egypt (PCE-I-00-96-00002-00,2002). Fourier Transform 
Infrared Spectroscopy (FTIR) can potentially be used for structural characteristics of matter . It is an imporatnt 
diagnostic tool for studying sediments (H.H.P. Fang et al, 2008; J. Ji, Y. Ge, W. Balsam et al, 2009; S.J. Parikh 
et al, 2008; G. Suresh et al, 2012); Soil (M. Ibrahim, M. Abdel-Aal, 2008). It is  used to study the molecular 
structure of Nile sediment in greater Cairo region (M. Ibrahim et al, 2008). The molecular structure; distribution 
and bacterial bioavailability of selected metals in sediments of  Ismailia canal is studied. Also FTIR among 
other techniques was used to study the distribution and bacterial bioavalability of selected metals in sediment in 
Ismaillia canal (H. S. Ibrahim et al, 2009). XRF was used to study the influence of the grain size on the quality 
of standardless WDXRF analysis of river Nile sediments (A. A. Shaltout et al, 2011). Recently FTIR is used 
beside molecular modeling for studying many systems and applications (E. Nashy et al, 2012; M. Ibrahim et al, 
2011; M. Ibrahim et al, 2012). The present work was established to evaluate  the  molecular structure  of 
sediments in Ismailia canal from 12 sites covering differant industrial activities such as petroleum, petrogas, iron 
and steel and detergent industries as well as water treatment plants and power station. 

 
Material and Methods 
 
Sample Collection and Preparations: 

 
Sediment samples were collected from 12 sites along Ismailia canal as indicated in the map; Figure 1. 

Samples were collected by means of stainless steel Ekman dredge sediment sampler. For FTIR measurements, 
dried samples at 65°C were mixed with Potassium Bromide (KBr) (1% weight per weight) and pressed in 
pellets. 
 
Instrumentation: 

 
Fourier Transform Infrared Spectrometer JASCO, FTIR- 300 E., in the range of 400 to 4000 cm-1, was 

applied for recording the molecular structure.  
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Fig. 1: The sample locations at Ismailia canal in Egypt. 

 
Results and Discussion 

 
Samples are first plotted as a whole in figure 2; then for better illustration samples were plotted separately 

in two different ranges 400 to 1700 cm-1 and 2700 to 3800 cm-1 respectively; the assignment is aided by our 
previous work (M. Ibrahim et al, 2008; H. S. Ibrahim et al, 2009). Band positions and assignment of the studied 
samples is listed in Table 1.  

 
 
Fig. 2: FTIR of sediment samples collected from Ismaillia canal in the range from 400 to 4000 cm-1. 

 
A band at 3696 cm-1 is assigned as the stretching vibration of kaolinite; next come the  aluminum hydroxide 

band which is followed by O-H stretching of water. The bands at 2900 up to 2337 cm-1 comes from the  
C-H symmetric as well as asymmetric stretching bands which may originate from aliphatic, aromatic and/or 
humic substances. This statement leads us to deconvolute the studied spectrum in order to confirm this statment.  
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Table 1: Band assignment for the obtained FTIR spectra of sediment samples. 
Band frequency Assignment  
3696 ~ 3698 Str., Vibr., of Kaolinite 
3619 ~ 3620 Al2(OH)3 smectites 
3430 ~ 3436 O-H  Str., 
2924 ~ 2925 CH aliphatic 
2851  CH aromatic 
1632 ~ 1637 COO asymmetric stretching of metal carboxylate 
1420 ~ 1434  Carbonate 
1107 Asym., Si-O-Si 
1030 ~ 1032 Silicate 
913 ~ 914   Fe(OH)3 
874 OH Vib., 
778 Quartz 
692 ~ 693 Quartz 
531 ~ 534  & 
466 ~ 467 

Deformation band of metal oxides, mainly Si-O Deformation 

 

 
 
Fig. 3: FTIR of sediment samples which collected from Ismaillia canal in the range from 400 to 1700 cm-1. 

 

 
Fig. 4: FTIR of sediment samples which collected from Ismaillia canal in the range from 2700 to 3800 cm-1. 

 
As stated previously Al concentration varies from one site to another in Ismaillia canal  accordingly the 

band intensities are affected, especially at site 9 in front of Al-Amyria water treatment plant which uses 
aluminium as coagulants. Furthermore, hydrated aluminum hydroxide is controlling the organometallic structure 
as it offers a wide surface for the humic acid to be adsorbed onto. Accordingly the increase in aluminium level 
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leads to a subsequent increase in the organic substance in the surrounding area.  The asymmetric stretching of 
carboxyl C=O is located at 1632~1637 cm-1.  

The band around 1632~1637 cm-1 could be assigned as asymmetric stretching of metal carboxylate,These 
metals according to the previous finding is mainly divalent heavy metals, this region needs also deconvolation. 
Carbonate gives rise to a band at 1438 cm-1, which represent the reservoir of potentially available metals; the  
bands from 1107 up to 914 cm-1 could be attributed to the silicate followed by O-H stretching band at 873 cm-1.  
Finally two regions namely 676~691 cm-1 followed by 529 ~ 465 cm-1 are assigned as deformation bands of 
metal oxide.  Then the characteristic bands for metal oxides around 465 cm-1.  

The change in the intensity of the band at 1632~1637   cm-1 could be due to the variation of trace metal 
concentrations from site to another which in turn enhance the metal carboxylate band at that site.   
 
Deconvoluted FTIR Spectra: 

 
A detailed description of all spectroscopic analyses of sediments and/or wide range of samples has already 

been given. Sediment spectra were resolved by means of Jasco self-deconvolution program. The spectrum is 
further aided by the previous modeling work in order to have a deep insight into the molecular structure with a 
clear description of organo-metallic interaction within the sediment.  Figure 5a show the deconvolution of the 
samples in the range from 1400 to 2000 cm-1. Whereas figure 5b shows the deconvolution of the samples in the 
range 2700-4000 cm-1. The assignment of the deconvoluted spectra is aided by Carlos Ernesto G.R. et al. 2005 
and the modeling work of (Vinicius de Melo Benitesa et al, 2005; H. Elhaes et al, 2011). Table 2 presents the 
deconvoluted spectra and their assignments. The OH bands located at 3696 cm-1 band may be from aluminium 
hydroxide.  The at 3623 cm-1 which may be originating from the CH2OH groups of polysaccharides residues. Is 
finally followed by band at 3404 cm-1 could be from alcohol and ethers. These OH bands may be also as a result 
of the existance of humic substances. CH band for aliphatic at 2921 cm-1 while for aromatic at 2852 cm-1. The 
later is interfered with NH bands from small concentrations of nitrogen compounds.  Some deconvoluted bands 
at 1940 cm-1; 1883 cm-1; 1804 cm-1  and 1725 cm-1 are assigned as the C=O of non reacted. 

 

 
a- 

 
b- 

Fig. 5: Deconvluated spectra of sediment samples which collected from Ismaillia canal in the range, a- from  
            1400 to 2000 cm-1; b- from 2700 to 4000 cm-1. 
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Table 2. Corresponding deconveluted  frequency of FTIR spectra for all sediment samples 
Band frequency Assignment  
3696  OH 
3623 OH 
3404 Polysaccharides  Alcohol; Ethers 
2921 CH aliphatic 
2852  CH aromatic 
1940 C=O stretching of  humic acid 
1883 C=O stretching of  humic acid 
1804 C=O stretching of  humic acid 
1725 C=O; Ketones, humic acid 
1670 Carbonate 
1628 Amide I; Quinone; Ketones 
1550 Amide II 
1435 C-H deformation of CH3 groups  
1387 COO- 
1030~ 1060 Polysaccharides 

 
reacted humic acids of  aromatic and aliphatic origin. Carbonate gives rise for a band at 1670 cm-1. Amides 

give two bands at 1628 cm-1and 1550 cm-1, the first one mixed with quinone; ketones. Another C-H deformation 
of CH3 groups at 1435 cm-1, the COO band located at 1387 cm-1. The polysaccharides exhibites some bands in 
the range of 1030~ 1060 cm-1.  

 
Conclusion: 

 
FTIR spectra indicate the presence of a shift in carboxyl group 1632 ~ 1637 cm-1 which reflects the 

interaction between the divalent hexahydrated metals and carboxyl group of the organic acid mainly humic acid.  
FTIR spectroscopyic investigation is capable to disclose the possible release of some pollutants from the 
sediment. If a remobilization of this process takes place; divalent metals are then able to move towards the water 
column or accumulate in plants and consequently contaminate the food chain. Accordingly; these metals may 
undergo transformations and can have a large environmental, public health, and economic impact. Furthermore, 
the variations in band intensities from one site to another may be due to the release of divalent metals in one 
hand or to its bioavailability in the other hand. Therefore, enforcement activity by laws and regulations has been 
stepped up to protect the river Nile as well as its branches from polluted wastewater discharges. Generally by 
prohibing the use of waterways for the disposal of solid wastes and the discharge of untreated wastes from 
industries. Accordingly, the presence of organic matter play an important role in the distribution of studied 
metals rather than the industrial points of contamination which is located along the area of study. Deconvoluted 
spectra indicate the existence of non reacted humic acid which confirms the process of metal interaction with 
organic acids indicated in the spectra.  
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