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ABSTRACT  
 

The objective of this study is to analyze changes in the chemical characteristics of long term 
paper mill treated effluent irrigated soil humic substances. Soil was sampled from the waste 
paper based paper mill effluent irrigated land located at Bukkathurai in Mathuranthangam 
taluk of Tamilnadu. Humic substances, the major organic constituents of soil and sediments, 
are widely distributed over the earth’s surface. Humic substances are also reported to 
improve soil structure and detoxify soil by adsorbing metals deleterious to plant growth, 
which can improve plant health and their resistance to pathogens. Fourier Transformed 
Infrared (FT-IR) has been widely used for the characterization of components 
macromolecular and humic substances from 1980 onwards. This technique yields various 
ranges of carboxylic acids, alcohols, carbohydrates, phenolic hydroxyls and -diketones etc. 
All the samples analyzed indicate a sharp and extensive band at 1033 cm-1 – 1030 cm-1 
which represents alcohols, carbohydrates and inorganic compounds.  The presence of strong 
band of cellulose and carbohydrates is due to the presence of cellulose in treated wastewater 
from paper mill.  
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INTRODUCTION 

Humic substances, the major organic 
constituents of soil and sediments, are widely 
distributed over the earth’s surface. Humic 
substances are dark colored, predominately 
acidic, aromatic, hydrophilic, chemically 

complex and poly electrolyte like materials 
that range in molecular weights from a few 
hundreds to several thousands1.  

Soil quality or health can be determined 
by monitoring, over time, specific chemical, 
physical or biological soil properties. Humic 
substances (HS) are a relatively stable * Author for correspondence 
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fraction of Soil organic matter (SOM) pool 
and are able to partly resist microbial 
decomposition and, hence, they help to 
maintain the SOM level2. Many of the most 
important physical and chemical properties 
of soils that affect agriculture are dependent 
on the presence of humus in the soil. Soil 
humus also function as a reservoir for 
elements such as nitrogen, phosphorus and 
sulphur which generally are not bound by ion 
exchange sites and provides a substantial part 
of the buffering capacity of many soils3.   

The need for rapid and inexpensive 
techniques for characterization (rather than 
classification) of soils on the basis of their 
major properties to support agricultural and 
agro ecological management decisions has 
led to the use of modern technologies, in 
particular those based on remote or in-situ 
reflectance spectroscopy4-8. Fourier Trans -
formed Infrared spectrometry (FT-IR) has 
been widely used for the characterization of 
components micro molecular and humic 
substances from 1980 on wards.  FT-IR 
system has been applied extensively to study 
the characterization of humic substances 
both natural as well as artificial9.  Any 
environmental alterations on the peat land 
indirectly affect the humification and 
mineralization processes.  

The FT-IR method, as described by 
Francioso et al.,9 was adopted to characterize 
the humic substances extracted from the soil 
samples. The FT-IR spectroscopic studies 
offer several advantages over dispersive 
techniques. Among these are i) enhanced 
signal to noise ratios and ii) higher frequency 
accuracy and reproducibility. Those in                                   

formations are more important when one 
wishes to search the relatively small changes 
that occur in a complex system, which the 
soil is.   

Later Fourier Transformed Infra Red 
spectroscopy (FT-IR) served as a qualitative 
tool to characterize non-destructively the 
principle classes of chemical groups of 
which soil organic matter is comprised1,10. 
The relative intensities of transmission FT-
IR techniques have been successfully used to 
evaluate the degree of humification of Peat11. 
Humic substances are also reported to 
improve soil structure12 and detoxify soil by 
adsorbing metals deleterious to plant growth, 
which can improve plant health and their 
resistance to pathogens. Therefore, the 
objective is to study the characterization of 
the humic substances of the long term paper 
mill wastewater irrigated soil in different 
profiles. The characterization of soil samples 
is a prerequisite for further decision making 
on remediation of the site if the need be. 
Since humus is most important component of 
soil which reflects its fertility, humus 
characterization gives a holistic picture of 
soil quality or its loss due to long term 
application of paper mill wastewater. 

MATERIAL AND METHODS 
The present study was conducted in 

Cholan Paper and Board Mills at 
Bukkathurai, where the industry manage-
ment disposed the treated paper mill waste 
water in around 40 acres of management’s 
own land from 1989-2002. The soil samples 
from each location were taken at three depths, 
viz., 0-15 cm, 15-30cm and 30-45cm. The 
collected samples were preserved and 
processed for FT-IR analysis. 
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Preparation of soil sample for Fourier 
Transform Infra Red Spectrum (FT-IR)  

Acid washed (0.1N HCl) 2.5 grams of 
soil samples was taken in a polythene 
centrifuge bottle and 200ml of 0.5 N NaOH 
was added.  The mixture was shaken for 12 
hours on a mechanical shaker and 
centrifuged at 3000 rpm for 10 minutes.  
Dark coloured supernatant liquid was filtered 
and the pH of the solution was adjusted to 
1.0 with concentrated HCl. Additional 200 
ml of 0.05N NaOH was added to the residual 
soil, shaken, centrifuged and the supernatant 
liquid was added to the previous extracts and 
pH was adjusted to 1.0 with concentrated 
HCl and humic acid was allowed to settle. 
The supernatant liquid in the acidified extract 
containing fulvic acid was siphoned off.  The 
suspension was transferred to a polyethylene 
bottle and the humic acid was centrifuged off 
at 3000 rpm for 10 minutes. Humic acid was 
redissolved in 0.5N NaOH and reprecipitated 
with concentrated HCl.  This purification 
was repeated several times. The supernatant 
liquid in each case was transferred to the 
original acid filtrate. The humic acid was 
washed with distilled water until free of 
chloride. The humic acid extracted was dried 
in a rotary evaporator and ground to a fine 
powder as described by Stevenson13. 
Spectroscopic analysis of soil sample using 
FT-IR  

Ten mg of either freeze-dried humic 
material of the sample was mixed with 
100mg of KBr (FT-IR grade, Aldrich 
Chemical Co., Milwaukee, WI) so that 
mixture becomes homogenous. After grind-
ing, the sample mixture was heaped over the 
top of the micro sample cup.  Any excess 
material was removed with a straight edged 

tool.  For the background a micro sample cup 
of pure KBr was prepared.  The spectra was 
recorded with Perkin Elmer 1600 FT-IR 
spectrophotometer and fitted with an 
apparatus to diffuse reflectance. The spectra 
were recorded with 200 scans collected at 4 
cm-1 resolution9. 

RESULTS AND DISCUSSION 
The nature and compositions of the soil 

is determined by ecosystem process such as, 
decomposition and transformation, mineral 
withering and the addition of organic matter, 
precipitation of secondary products.  Natural 
and anthropogenic disturbances will alter 
these processes or the dynamic equilibrium 
between the opposing processes. The 
disturbance occurred in the ecosystem would 
ultimately have an effect of the soil. The 
component most affected due to inorganic or 
organic pollutant disposal in soil is the 
humus. Wershaw14 has proposed that the 
physico-chemical properties of humus may 
be most easily understood by considering 
humus as consisting of a number of different 
hydrophobic and hydrophilic phases. In this 
viewpoint, since organic pollutants have both 
these phases, disposal of organic laden 
pollutant may have adverse effect on humus 
and thereby soil fertility.  

The FT-IR spectra of the organic 
fractions extracted from long term paper mill  
waste water irrigated soil are presented in  
Fig. 3. Three profiles (i.e., 0 - 15cm depth, 
15-30cm depth and 30-45cm depth) from the 
samples were used for comparisons. The 
spectral characteristics of the long-term 
paper mill effluent water irrigated soil were 
compared with that of the normal soil15.  
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           Fig. 1 : Fourier Transformed Infra Red (FT-IR) Spectra of treated effluent Irrigated soil (0-   
                           15cm Depth) 

 
           Fig. 2 : Fourier Transformed Infra Red (FT-IR) Spectra of treated effluent Irrigated soil (15-30               

                      cm Depth) 
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           Fig. 3 : Fourier Transformed Infra Red ( FT-IR) Spectra of treated effluent Irrigated soil   
                        (30-45 cm Depth). 
 
The FT-IR spectrum presented in Fig. 1 for 
the profile 1 of the long term irrigated soil 
reveals a band near 1654 cm-1 when 
compared with the ordinary soil, which is 
designated as C=O stretch –COOH carbox-
ylic acid. The band 1654 cm-1 may be 
assigned to be anti symmetric stretching 
vibration of carboxylic groups which means 
that humic substance contain metals primary 
in metal carboxylate band (Fig. 1). C=O 
stretch –COOH carboxylic acid regions are 
also similar in all profiles to that of profile I 
spectrum.  

The carboxylic acid groups probably 
arise from hydrolysis of ester bonds linking 
the gallotannin groups to carbohydrate 
moieties16. In the profile 3 this peak was 
shifted to 25% transmittance. The aliphatic 
alcohols and P-O-P bridges are also weak 
when compared with that of normal spectrum. 
The other functional groups like phenolic 
hydroxyls and -di-ketone groups in the com 

-plex of metals would be difficult to analyze 
on the basis of IR analysis. The peak at 665 
cm-1 is generally designated as the 
characteristics of symmetric stretching of P-
O-P bridge. But this peak does not present in 
the profile 2 and 3. The peak at 1570 cm-1 
ascribed as aromatic C=C stretch and it 
ranges from 1610 – 1525 cm-1 17. This peak 
was present in all profiles but in profile 3 it 
was shifted at 30% of transmittance. The 
bands between 1730cm-1 and 1735 cm-1 are 
probably due to esters and the 1780 cm-1 
band to lactones18.    

The band at 3400 cm-1 is generally 
ascribed to hydrogen-bonded OH groups.  
Moreover, the feature of this spectrum was 
the broad between 3600 cm-1 and 3100 cm-1 
indicating the presence of OH group 
vibrating over wide range energies. This 
range may cover the various types of OH 
reported by Bellamy17. The appearance of a 
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weak band at 467 cm-1 and 420 cm-1 region is 
due to aliphatic alcohols present in these 
samples. The peak at 1033.32 cm-1 – 
1035.36cm-1 is generally designed as the 
characteristic of alcohols and carbohydrates 
and inorganic compounds. This peak is 
slightly shifted and this peak is present 
almost in all profiles of the FT-IR spectrum. 
The appearance of this strong alcohols and 
carbohydrates in the observed spectrum is 
possible due to the presence of cellulose in 
the irrigated paper mill treated wastewater. 

Carbohydrates constitute 5 to 25% of the 
organic matter in most soils. Plant remains 
contribute carbohydrates in the form of 
simple sugars, hemi cellulose, and cellulose, 
but these are more or less decomposed by 
bacteria, actinomycetes and fungi, which in 
turn synthesize polysaccharides and other 
carbohydrates of their own. 

The significance of carbohydrates in soil 
arises largely from the ability of complex 
polysaccharides to bind inorganic soil 
particles into stable aggregates. Carbohyd-
rates also form complexes with metal ions, 
and they serve as building blocks for humus 
synthesis. Some sugars may stimulate seed 
germination and root elongation.  In addition 
to enhancing mineral nutrition and water-
holding capacity, humus provides other 
benefits to plant growth.  CNMR studies also 
indicate that lipids and carbohydrates are 
generally most abundant components of 
humus19-21.   

The results from the study point out that 
carbohydrates and alcohols are the main 
spectral signatures in the paper mill treated 
wastewater irrigated soil. This suggests that 
carbohydrates present in the soil sample 

would in fact aid in improving the fertility of 
the soil by augmenting the humus formation 
by serving as building blocks.  

CONCLUSION 
Humus content of the soil plays a major 

role in deciding its extent of fertility. Often, 
in today’s scenario, especially in developing 
and under developed countries, both treated 
and untreated effluent is directly let off into 
surrounding water bodies and soils. This 
causes an immediate, localized adverse effect 
to the environment. To study the extent of 
effect of application of treated or untreated 
effluent on soil a frequent basis, certain 
parameters like humus which serves as an 
indicator of soil fertility should be monitored 
regularly. FT-IR technique aids in the 
analysis of components of the humus which 
may highlight the extent to soil stress due to 
pollutant disposal. This data would further 
help in ecological assessment off the soil site 
and in further decision making as to restore 
the site or allow the natural attenuation 
process to hold through. The data obtained in 
this study suggests that the fertility of the soil 
is enhanced by the addition of treated 
wastewater from paper mill, which would be 
used to restore wastelands. Often the dearth 
of organic matter in the soil results in the 
decrease in fertility and utility potential of 
soil initially for active microbial role and for 
plant growth.  Hence by enriching the soil 
with necessary nutrients which serve as 
building blocks for the formation of humus 
as identified from the treated wastewater 
applied soil would only help in wastelands 
reclamation. This study is of utmost 
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importance in an era of lack of cultivable 
land and twinkling water resources. 
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