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Abstract 
The performance of a portable near-infrared (NIR) spectrometer to determine 
organic carbon (OC) in marine sediments was evaluated. The NIR reflection 
spectra of 180 samples in the range 950 - 1650 nm were acquired using an ul-
tra-compact spectrometer. NIR spectroscopy combined with the partial least 
squares (PLS) regression and Savitzky-Golay (SG) smoothing was successfully 
applied to rapid and reagent-free determination of OC. Using the PLS-SG 
model with 1nd order derivative, 2th polynomial and eleven smoothing points, 
the root-mean-square errors (RMSEPM) and correlation coefficients (RP,M) of 
prediction for modeling were 0.073% and 0.894, respectively, the root-mean- 
square errors (RMSEPV) and correlation coefficients (RP,V) of prediction for 
validation were 0.075% and 0.883, respectively. Results showed that the small 
portable NIR instrument achieved well prediction effect for the analysis of OC 
in marine sediments, which had advantages of rapid, easy to carry and operate 
suitable for large-scale applications to analyze marine sediments. 
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1. Introduction 

Marine sediments preserve an abundance of climatic and environmental infor-
mation for reconstructing oceanic history [1] [2]. Many of the traditional marine 
geologic and paleoceanographic techniques are usually slow and labor intensive, 
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and performed in the laboratory, requiring the chemical reaction processes, not 
easy to operate. 

Near-infrared (NIR) spectroscopy primarily reflects the absorption of over-
tones and the combination of the vibrations of X−H functional groups (e.g., 
C-H, O-H, and N-H). Given the weak NIR absorption strength, most sample 
types can be directly measured without chemical reagents. In the geological 
samples, the NIR spectroscopy as a rapid and reagent-free measurement has 
been effectively utilized in soil analysis [3] [4] [5] [6] [7]. However, common to 
all these works is the fact that they employed benchtop spectrometers, and few 
studies have been reported on marine sediments, as far as we know. These ben- 
chtop spectrometers are bulky and expensive difficult to be large-scale applica-
tion. With the advantages of rapid, easy to carry and operate, portable NIR in-
struments are very attractive for large-scale application, despite their reduced 
spectrophotometric characteristics. 

Organic carbon (OC) is one of the major components in marine sediments 
and contains many hydrogen groups [8]. Several absorption bands of these 
groups exist in the NIR region. In this study, NIR spectroscopy of OC in marine 
sediments was directly measured by the small, dedicated and portable NIR spec-
trometer. Furthermore, NIR spectroscopy combined with the partial least squares 
(PLS) regression and Savitzky-Golay (SG) smoothing was applied to rapid and 
reagent-free determination of OC in marine sediments. 

2. Materials and Methods 
2.1. Experimental Materials, Instruments, and Measurement 

Methods 

The marine sediment samples were collected from Daya Bay of China using a 
sediment corer and were cryopreservation at −30˚C for 5 h, then 48 h for freeze 
drying in a lyophilizer, sieved through 100 mesh screen and stored in hermetic 
bag finally. Then, a total of 180 samples were obtained. Every sample was 50 g. 
All samples were measured by the portable NIR spectrometer firstly, and then 
were determined through chemical method. 

The OC values of these samples were measured with potassium dichromate 
redox titration [9], which is a capacity analysis method with potassium dichro-
mate standard solution as a titrant. It requires adding potassium dichromate in 
the concentrated sulfuric acid medium and transforms OC in the sample to the 
CO2 by heating, where the remaining potassium dichromate was re-titrated us-
ing ferrous sulfate standard solution till to colour reaction. The quantification of 
the OC in the sample was indirectly measured by the consumption of potassium 
dichromate. Then the obtained values were provided as the reference values for 
spectroscopic analysis. The measured values ranged from 0.91 to 1.49 (%) and 
the mean value and standard deviation were 1.09, 0.17 (%), respectively, which 
were used as the reference values for the calibration modelling of NIR spectro-
scopic analysis. 

A portable NIR spectrometer, the MicroNIRTM (JDSU Corporation, Milpitas, 
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USA) Grating Spectrometer, which equips with a reflection accessory. This in-
strument, powered (5V) and controlled via USB port of a computer, originally 
employs two tungsten light bulbs as radiation source, a Linear Variable Filter 
(LVF) as dispersing element and an uncooled 128-element detector (InGaAs). 
An image of the MicroNIR spectrometer is provided in Figure 1. The scanning 
spectrum spanned 950 nm to 1650 nm with a range of 2 nm-4 nm wavelength 
gaps. Each sample was scanned ten times, and the mean value of the ten times 
was used for modeling. The spectra measured at 26˚C ± 1˚C and 46 ± 1 (%) RH. 

2.2. Calibration, Prediction and Validation Process 

A rigorous process of calibration, prediction and validation was performed to 
achieve parameter stability and objective evaluation for modeling. 

In chronological order, the samples were divided into two groups. The first 
group (120 samples) was used for modeling, whereas the second group (60 sam-
ples) was used for validation. The second group excluded in modeling was used 
to validate and achieve an objective evaluation. The root-mean-square errors 
(RMSEPM) and correlation coefficients (RP,M) of prediction for modeling were 
calculated. The calculation formulas are as follows: 
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where n is the number of prediction samples; ,i iC C  are the measured and pre-
dicted values for the ith prediction sample, respectively; and Ave Ave,C C  are the 
mean measured value and mean predicted value of all prediction samples, re-
spectively. The model parameters were selected using the minimum RMSEPM to 
achieve good prediction accuracy. Finally, the selected model was validated 

 

 
Figure 1. Map of the MicroNIR spectrometer. 
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against the validation set (60 samples). The corresponding root-mean-square 
errors (RMSEPV) and correlation coefficients (RP,V) of prediction for validation 
and were further calculated, respectively. The calculation formulas are as fol-
lows: 
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where mV is the number of the validation samples; V,k V,k,C C  are the measured 
and predicted values of the kth validation sample; and V,Ave V,Ave,C C  are the 
mean measured value and mean predicted value of all validation samples. 

2.3. PLS Model with Savitzky–Golay Smoothing 

PLS method is widely used for spectroscopic analysis, and can screen spectros-
copic data comprehensively and extract information variables [10] [11]. The 
number of PLS factors (F) as an important parameter corresponds to the num-
ber of spectral integrated variables showing sample information. If the F was set 
too small, the sample information in the spectra could not be fully used and the 
model accuracy would be decreased. If the F was set too big, noises would be led 
into the model and the prediction ability would be decreased too. Therefore, it is 
very necessary to select reasonable F. In addition, the goal of spectral prepro-
cessing is also to make full use of spectral information and to eliminate noise. 
Thus, combined with the spectral preprocessing, the optimization of the number 
of PLS factors will be more effective. 

The NIR spectroscopy of marine sediment samples contains more physical 
and chemical noises. To overcome the noises, the measured spectra require pre-
treatment. SG smoothing is a useful spectrum pretreatment method with a wide 
range of applications and a variety of smoothing modes [12]. Based on the SG 
derivative spectra, the PLS model was established and has become an effective 
approach for improving analysis precision, as successfully used in many fields 
[5] [13] [14]. The parameters of SG smoothing include order of derivative (d), 
degree of polynomial (p) and number of smoothing points (m, odd). In the 
present study, the spectra of 180 marine sediment samples were pretreated with 
the SG smoothing mode (d = 1, p = 2 and m = 11). The computer platform was 
developed with MATLAB R2009b software. 

3. Results and Discussion 

The NIR spectra of the 180 marine sediments samples in the whole spectral col-
lecting region (950 - 1650 nm) are illustrated in Figure 2. As shown in Figure 2, 
the baseline drift of the NIR spectra is relatively large. 
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3.1. SG-PLS Models 

The SG derivative spectra of all marine sediment samples on the whole spectral 
collecting region are illustrated in Figure 3. As shown in Figure 3, shows that 
the baseline drift of the SG derivative spectra significantly improved. For the PLS 
model with the SG derivative spectra, the number of PLS factors F, RMSEPM and 
RP,M were 6, 0.073% and 0.894, respectively. The result indicated that the PLS 
model with SG smoothing achieved well prediction precision with the portable 
NIR spectrometer. 

3.2. Model Validation 

The validation samples excluded from the modeling process were used to vali-
date the PLS model. The PLS regression coefficients were calculated using the 
spectra and measured values of all modeling samples depending on the corres-
ponding parameters. The predicted OC values of the validation samples were 
then calculated using the obtained regression coefficients and the spectra of the 
validation samples. 
 

 
Figure 2. NIR spectra of the marine sediments samples (950 - 1650 
nm). 

 

 
Figure 3. SG derivative spectra of the marine sediments samples with 
1nd order derivative, 2th polynomial and eleven smoothing points. 
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Figure 4. Relationship between the predicted and meas-
ured OC values of the validation samples. 

 
The relationship between the predicted and measured OC values of the vali-

dation samples are shown in Figure 4. The RMSEPV and RP,V were 0.075 (%) and 
0.883, respectively, which achieved well validation effect. 

4. Conclusion 

In this paper, the marine sediments samples were detected by the small portable 
NIR instrument and the NIR spectroscopy combined with PLS method and SG 
smoothing was successfully applied to reagent-free and rapid determination of 
OC in marine sediments and achieved well validation effect. Results showed that 
the small portable NIR instrument achieved well prediction effect for the analy-
sis of OC in marine sediments, which had advantages of rapid, easy to carry and 
operate suitable for large-scale applications to analyze marine sediments. 
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