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0.45 pm Fig.1 Near infrared spectra of distilled-water
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Fig.2 Near infrared spectra in the three wavelength range.
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Fig.4 Near infrared spectra of six salt solution
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700 - 1,100 nm
1,100 - 1,850 nm PLS
1 2
0.93
2 SEC SECV cl 0.286%
SO, 0.101% K 0.017% Ca 0.026% Na
0.191% Mg 0.034%
SECV  SEC

Table 1 Calibration and validation results for inorganic composition of
concentrated-seawater using the NIR spectra of 700-1100nm.

Calibration Validation
Rea SEC(%) SECV(%) Ryal SEP(%) Bias(%)
Cl 0.98 0.534 0.570 0.98 0.615 -0.035
S04 0.96 0.099 0.103 0.92 0.135 -0.005
K 0.95 0.017 0.017 0.93 0.019 -0.001
Ca 0.94 0.023 0.024 0.90 0.029 0.002
Na 0.99 0.194 0.200 0.99 0.196 0.011
Mg 0.98 0.036 0.039 0.97 0.039 0.007

R.a, Correlation coefficient of calibration;

SEC, standard error of calibration;
SECV, standard error of cross validation;
Rya, Correlation coefficient of validation;

SEP, standard error of prediction;
Bias, difference between measured values and predicted ones;

SEP
Cl 0.295% SO, 0.110% K 0.018% Ca 0.026% Na
0.163% Mg 0.032%
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SEC Bias

Table 2 Calibration and validation results for inorganic composition of concentrated
seawater using the NIR spectra of 1100-1850nm.

Calibration Validation

Rea SEC(%) SECV(%) Rval SEP(%) Bias(%) RPD

Cl 0.99 0.282 0.286 0.99 0.295 -0.026 10.0
S04 0.96 0.096 0.101 0.95 0.110 -0.006 3.1
K 0.95 0.016 0.017 0.94 0.018 0.000 2.8
Ca 0.93 0.025 0.026 0.91 0.026 0.000 2.5
Na 0.99 0.177 0.191 0.99 0.163 0.001 10.5
Mg 0.98 0.033 0.034 0.98 0.032 0.005 5.1

R.a, Correlation coefficient of calibration;

SEC, standard error of calibration;

SECV, standard error of cross validation;

R.a, Correlation coefficient of validation;

SEP, standard error of prediction;

Bias, difference between measured values and predicted ones;

RPD, ratio of standard deviation of reference data in prediction sample set to SEP

SEP RPD ratio of standard deviation of reference data in prediction sample set to
SEP RPD 25 3.0 RPD 3 5
RPD 5 Y
RPD 2 RPD
2.5 Cl Na Mg RPD 10.0
10.5 5.1

NaCl KCI CaCl, MgCl, MgSO, Na,SO,
NaCl KCI
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PLS ClI SO,
Na® K' Ca** Mg*

49 437-446 2002
63 7-11 2004
57 491-497 2003
Williams  P. 12 1-15 1996
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Fundamental research about the development of monitoring technique of inorganic
composition of concentrated-seawater by near infrared spectroscopy

Jie Yu Chen

Faculty of Bioresource Science, Akita Prefectural University

There are various methods for salt-manufacturing, for example, traditional method utilizing
wind power and solar heat and ion-exchange membrane electro-dialysis method. Even if any
method is adopted for salt-manufacturing, monitoring of inorganic composition of
concentrated-seawater in real-time is an important and an indispensable to make good salt
products.

Near infrared (NIR) spectroscopy is a simple technique. Because it is fast, nondestructive and
it requires little or no sample preparation, many industries use it. If determining inorganic
component using near infrared spectroscopy is possible, a superior contribution of NIR techniques
to salt-manufacturing process can be anticipated.

In order to develop of monitoring technique of the inorganic composition of
concentrated-seawater by near infrared spectroscopy, we first examined the relationship between
the near infrared spectra and inorganic components, and then investigated the potential of near
infrared spectroscopy to measure the main inorganic components of concentrated-seawater as a
basic research.

First, the characteristics of the near infrared spectra of the aqueous solutions of various
standard salt reagents were investigated. At 1,100-1,850 nm wavelength range, the perturbations of
the water absorption band by NaCl were very clear. When the concentration of NaCl increased, the
intensity (absorbance) of the water band decreased, the band became narrower and shifted to short
wavelength. These changes are caused by decrease in water concentration in NaCl solutions and
hydrations of ions. The different electrolytes perturb the water bands to form different patterns and
to different degrees. KCI had spectra similar to that of NaCl, whereas Na,SO,, CaCl,, MgCl, and
MgSO, have significantly different spectra from that of NaCl. These difference  of near infrared
spectra of the aqueous solution by different salt reagent could be also clarified from the difference
spectrum.

Then the PLS regression analysis were performed based on the inorganic composition of
concentrated-seawater and the original near infrared spectra (1,100-1,850 nm) of the calibration
and validation sample sets. As results, the near infrared spectra could be related to the inorganic
composition of concentrated-seawater, and could be used to predict the inorganic ion component

composition of concentrated-seawater with good accuracy.
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