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Abstract- A rapid technique to estimate the concentration of 
dissolved organic matter from corn straw using the UV–visible 
spectrophotometer was developed in this study. We tested 
samples and suitable relationship for the concentration of 
dissolved organic matter (DOM) with absorbance. The results 
demonstrated that the relationship between absorbance 
(254nm) and concentration of DOM is good surrogate to 
estimate the concentration of the DOM from corn straw. 
Absorption of DOM verified that it doesn’t depend on pH in 
normal working range. Relatively, this method is very less time 
consuming, and low cost than the Chemical oxygen demand 
method and TOC–analyzer method. The absorbance (254nm) 
with concentration of DOM has linear relationship with high 
correlation (R2 = 0.998). It is suggested that the absorbance 
(254nm) should be used as a surrogate for concentration of 
DOM from corn straw. 

Keywords: absorbance, chemical oxygen demand, corn 
straw, dissolved organic matter, concentration. 

©Copyright 2014 Authors - This is an Open Access article published 

under the Creative Commons Attribution License terms 

http://creativecommons.org/licenses/by/3.0. Unrestricted use, 

distribution, and reproduction in any medium are permitted, provided 

the original work is properly cited. 

1. Introduction
Dissolved organic matter is a complex

heterogeneous mixture of organic compounds 
containing the carboxylic, carbonyl, methoxyl, hydroxyl, 
and phenolic functional groups and the major source of 
these organic matters are living organisms deposited on 
or within soil components   that play significant role in 
plant nutrition and soil environments [1]. If soil 

contains the sufficient amount of organic matter, there 
the plants grow are better, produce higher yields; and 
the nutritional quality of harvested foods and feeds are 
greater. During the last decay dissolved organic matter 
is become key parameter in agriculture and 
environmental fields because of its involvement in 
mobilization and transportation of acidty, colloids, 
nutrients, metals and pollutants and serves as a 
substrate for microbial growth [2–6]. Although various 
literatures have been considered to the consequence of 
DOM on the plants and soil environment, but not many 
study are available on characterization of DOM in water. 
Primary compositions of elements in DOM are carbon 
(52-56%), hydrogen (4-5.5%), oxygen (33-39%), and 
small fractions of sulfur, nitrogen, and phosphorus [7]. 
Christman et al. [8] were suggested the hypothetical 
structures for DOM on degradation of the products. 
However, it is difficult to describe the specific chemical 
structure of DOM due to its heterogeneous organic 
matter characters. 

Yet now, there is no direct method is accessible to 
estimate the concentration of DOM in water because of 
its highly complicated structures [8,9]. Two of the most 
widely used methods to surrogate the concentration of 
DOM are the total organic carbon analyzer (TOC) and 
Chemical oxygen demand methods. Previous method 
estimates the concentration of organic carbon content 
in water which proxy the concentration of DOM. 
Afterward estimates the quantity of oxygen required to 
oxidize the organic materials which indicate the organic 
matter in water. But such methods required the much 
time, expensive chemicals, sophisticated instrument 
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and require a large sample volume for the analysis of 
concentration of DOM of each sample. These 
shortcomings have lead to the improvement of 
spectroscopic methods towards the quantification of 
DOM concentration. 

Ultraviolet (UV) absorption spectrophotometer is 
generally used to study various properties of the DOC, 
such as its aromaticity, hydrophobic content, and 
biodegradability [2,10–12] because DOM have 
constitute such type of components which have capacity 
to absorb the ultraviolet light for example unsaturated 
aliphatic bonds and benzenoid type components 
[13,14]. Specific absorbance at different specific 
wavelengths has been used to measure the aromaticity, 
hydrophobic content, apparent molecular weight and 
size, and biodegradability [15–18].UV-absorbance is 
good surrogate the concentration of DOM specifically 
concentration of aromaticity in DOM at 254 nm 
absorbance [13,18]. Anton et al. [19] reported that UV-
absorbance showed much closed linear relationship 
(0.99) between concentration of DOM and UV–254 
absorbance in throughfall and soil solution samples. 
Aromaticity fraction in DOM is surrogate to estimate 
dissolved organic matter by using absorbance 254nm 
because of the absorbance of organic solutes is directly 
proportional to their concentration of aromatic 
compounds [20].This correlation was considered here 
to develop the relationship for concentrations of DOM 
in water extracted from corn straw and absorbance. 

Based on the above discussion, absorbance of a 
water sample at specific wavelength 254nm is good 
proxy to the concentration of DOM. Standard calibration 
curve should be able to indicate the total concentration 
of DOM from corn straw with absorbance 254nm. Thus 
the aim of this study to establish relationship between 
absorbance 254nm and concentration of DOM from 
corn straw by using UV–visible spectrophotometer 
should be able to surrogate the concentration of DOM 
from corn straw. We will also demonstrate the effect of 
pH on absorbance at 254nm. 

 

2. Material and Methods 
Corn Straw is used as source of DOM in water. 

Extractions of DOM from corn straw just carried out by 
follow the method mentioned by Zhongqi et al.[6,21].  In 
concise, initially corn straw air-dried, and ground to 
pass through a 1-mm sieve. Just before the absorbance 
experiments, mix with 40:1 (v/w) water to sample 
proportion using cold water, periodic shaking it 18 h, 
suspension were centrifuged (900×g) for 30 min and 

filtered through 0.45-μm pore size polycarbonate 
filters. Aliquots of water samples of corn straw were 
analyzed with total carbon analyzer (Shimadzu TOC 
5000A) after filtration through 0.45-μm pore size 
polycarbonate filters. Stock solution of 563.8mg L-1 
DOM was used to prepare the standard solutions 
containing different amount of dissolved organic 
matter. UV–visible absorbance measurements were 
performed on a high precision, double–beam 
spectrophotometer (model 2550) between 220 and 
450nm with the reference of distilled water. A quartz 
cell with 1.0 cm path length was used. Buffer solutions 
to maintain pH were not need because a set of 5mg L-1 
of DOM solutions prepared at different pH have 
demonstrated that UV–visible spectra were not 
significantly affected by the 4 to 10 range of pH as 
shown in Figure 1. The negligible effect of pH on the 
DOM samples presented in this study is less than 
observed for soil humic substances [22]. This result also 
is in agreement of the observed result of Wang and 
Hsieh who reported that humic acids solutions 
prepared at different pH have showed that the UV–
visible spectra were not affected by the pH at the 
normal working range. The minute dependency of UV 
absorbance on pH in the range of 4–10 means that, 
within this pH range, it is unnecessary to adjust the pH 
to a constant value to compare results between 
samples. 
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Figure 1.  Effect of pH on UV–visible spectra of 5 mg L-1 of 

dissolved organic matter in water from corn straw. 
 

3. Results and Discussion 
As can be seen from figure 2, that absorbance 

increases with increasing the concentrations of DOM. 
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The absorbance at wavelength length less than 280nm 
is much greater than that of longer wavelength as a 
result a perfect  slope is obtained at the shorter 
wavelength (<285nm), when concentration of DOM is 
higher than this trend is much more visible as seen in 
the spectra. The absorbance measured at greater 
wavelength (>400nm) is comparatively less than that 
absorbance at 280-400nm.This result almost agrees 
with the experimental results of Wang and Hsieh [23], 
who reported that the absorbance of humic acids at 
wavelength length less than 250nm is causes a sharp 
slope at the longer wavelength (<300), and absorbance 
at longer wavelength (>400nm) is relatively low as 
compared with those observed at UV and sub-UV 
ranges (200 –400 nm). 

 

 
Figure 2. UV–visible spectra of different concentrations of 

dissolved organic matter in water from corn straw. 

 
For the validation of these experimental results 

(Figure 2), it should follow Beer–Lambert law because 
Beer–Lambert law is independent of wavelength. The 
Beer–Lambert law has been examined at wavelengths 
220,240,250,280,290,300,310,320,330,340,350,360,37
0,380,390,400,430,450nm which showed the linearity 
with correlation coefficients (R2) greater than 0.99. It 
implies that Beer–Lambert law is applicable between 
range of 220-450nm as shown in figure 3. 

 
Figure 3. UV–visible spectra of different concentrations of 

dissolved organic matter in water from corn straw for 
verification of Beer–Lambert law. 

 
In order to justify the UV method, we developed 

the relation between the absorbance at 254nm and 
various concentrations of DOM determined by carbon 
analyzer. As shown in figure 4, the relationship between 
the absorbance (254nm) and concentration of DOM, the 
UV absorbance at 254nm is highly correlated (R2 
=0.998; P<0.0001) with concentration of DOM 
determined by carbon analyzer. So it is suggested that 
the absorbance at 254nm should be used as a proxy for 
concentration of DOM from corn straw. Such correlation 
between absorbance and concentration of DOM 
determined by Huoliang et al [24] for the printing and 
dyeing waste water as shown in figure 4. 

 

 
Figure 4. Correlation between absorbance at 254nm and 

concentration of DOM determined by carbon analyzer 
method. 
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The equation of the least squares regression line of 
figure 4 for corn samples is: 

 
DOM (mg L-1) = 

288.078× absorbance (254nm) + 1.3 
(1) 

 
In the above equation 1, 288.078 and 1.3 are 
representing the slope and y-intercept respectively. The 
intercept of the regression line shows the presence of 
1.3 mg L-1 of non-UV absorbing DOM, possibly due to 
the organic matter containing no chromophores 
absorbing at 254nm. These could include saturated 
aliphatic compounds, low molecular weight oily acids, 
or carbohydrates. Lower limit detection is a significant 
affecting factor on the precision and accuracy of the 
measure concentrations in analytical chemistry. We 
have calculated lower limit of detection 6.248×10-5mg L-

1 from calibration graph of figure 4 by the following 
phenomena. The actual absorbance (response points) 
on Y- axis composing the line usually do not fall exactly 
on the line for the "fitting" of the calibration graph 
(Figure 4). Hence, random errors were implied. The 
parameters for calculating errors due to calibration 
graph in figure 4 using equation 1 are in shown table 1. 
 
Table 1. Parameters for calculating errors due to calibration 

graph of figure 4. 

Xi Yi Yi* (Yi- Yi*) (Yi-Yi*)2 

2 0.0024 0.0024 0 0 

20 0.0650 0.0649 0.0001 1.0×10-8 

67.66 0.2231 0.2303 -0.0072 5.184×10-5 

90.21 0.3145 0.3086 0.0059 3.481×10-5 

112.76 0.3833 0.3869 -0.0036 1.29×10-5 

135.31 0.4750 0.4652 0.0098 9.60×10-5 

157.86 0.5435 0.5435 0 0 

180.42 0.6241 0.6218 0.0023 5.29×10-6 

202.97 0.6929 0.7000 -0.0071 5.04×10-5 

∑(Yi-Yi*)2= 2.512×10-4 

 
The standard error of the y-estimate was calculated by 
Equation 2. 
 

2( *)
0.006

2

Yi Yi
Sy

n

 
 


 (2) 

 

Where Yi* is "fitted" y-value for each xi, (calculated 
from Eq. 1). Thus, Yi- Yi* is the vertical deviation of the 
found y-values from the line and “n” is number of 
calibration points. 

This uncertainty about the y-values (the fitted y-
values) is transferred to the corresponding 
concentrations of the unknowns on the x-axis and can 
be expressed by the standard deviation of the obtained 
x-value. The exact calculation is rather complex but a 
workable approximation can be calculated with: 

 

52.083 10
Sy

Sx
b

    (3) 

 
So Lower Limit of Detection derived from a calibration 
graph was calculated finally by using following 
equation: 

 

LLD = 3 × Sx = 6.248×10-5 

 

 This is very convenient and economical for 
determination of concentration of DOM from corn 
straw. Data presented in Figure 5 compare the values of 
concentrations of DOM estimated by TOC carbon 
analyzer and UV–visible spectrophotometer at 254nm.  
A strong linear correlation (R2>0.99) exists between 
these two methods. 

 
Figure 5. Correlation of the concentrations of DOM by UV254 

technique versus concentrations of DOM  determined by the 
TOC carbon analyzer. 

 

Other methods like Chemical oxygen method and 
TOC analyzer method are more expensive, time 
consuming and need of more sophisticated instrument 
but in this method no chemical is required and very 
commonly using device needed like UV–Visible 



22 

Spectrophotometer. Another advantage is that in 
normal working range of pH no need to use buffer 
solutions because changes of pH within normal working 
ranges has no effect on this method. 

 
4. Conclusion 

A very highly linear correlationship (R2=0.998) is 
illustrated between absorbance (254nm) and 
concentration of DOM in water from corn straw. UV–
visible spectrophotometer method is very 
straightforward, fast and low-priced alternative for 
assessment of DOM. This relation has advantage over 
common methods for estimation of DOM with less time 
consuming. It is also working well in normal working 
pH ranges (4-10). 
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