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Abstract. The soil and water preservation requires newitemsechniques. Raman probe was
recently shown to be an interesting alternative etectrical sensors to detect several
contaminants diluted in water. Here we report oa fhmocedure to reliably determine the
substance concentration within a fairly good accyiend a high speed.

1. Introduction

The access and the control of clean water is amitapt challenge for an always rising humber of
people through the world. This requires the detectf all pollutants in flow water, rivers, basins,
lakes.... Nitrates, sulphates, and phosphates habe tgpecially sought since they are very water
soluble and lead to negative incidence in the enwrent [1-3]. They arise generally from fertilizers
used in agriculture. Their detection requires bdtiaand efficient techniques which are able to glev

in situ and quick measurements [&everal techniques such as electric conductivity Gatorimetric
methods are used to detect nitrates and phosphd&&rtheless despite their sensitivity, these
analysis methods awdf-linesand time-consuming since they need the preparafisnlutions.

We have recently shown that Raman spectroscegynique can detect the presence of several
pollutants dissolved in water and the same probable to discern between nitrite and nitrate,
phosphate, and di-hydrated phosphate, sulfatewdhit §5]. Generally each detected substancetsas i
own signature in the Raman spectrum, since itsggased to one (or two) intense and well resolved
peak [5, 6]. This ensures the great selectivitythld method compared with other techniques.
Measurements were recorded at room temperaturg asiRaman spectrometer RXN-1 from Kaiser
Optical Systems. The spectral resolution obtaingh an excitation source at 532nm is about 2cm
The Raman detector is a charge coupled device (Gabjera of 1024 pixels cooled by a Peltier
device to -40°C. Measured power at the sample lsv@lmW. The Raman light was backscattered



collected by the same specific probe, and filtength a notch filter before being dispersed by a
holographic grating.

Here we report on the procedure to render relitibs technique in order to determine the species
concentration, and we discuss on the accuracy isauisfon.

2. Calibration and determination of concentration

Since it is proportional to the number of activelecales of one species, the intensity of the Raman
peak signature of one substance is used, aftérratdin, to the determination of the concentrativs.
shown in Figure 1, this intensity increases monotsty and generally linearly with the substance
content. To avoid the effect of spectrometer dii¢ integrated intensity is in fact taken in the
calculations. In order to achieve the reliabiliti the technique, the intensity has to be rendered
independent of the sensor characteristics such has laser, spectrometer and detector, and
experimental parameters. For this, the peak iniehsis to be normalized to internal references, i.
lines of the spectrum which are unaffected by tmeghkt substance, or external standards. Here the
intensity is normalized to the intensity of the Basorresponding to the OH bending vibration (see
Figure 1). Since this band is nearly independenhefsalt content, it can be applied as a trustwort
standard. Consequently the ratio noted S betweesetltwo integrated intensities is used, as the
relevant parameter providing the calibration of¢bacentration
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Figure 1. Raman spectra recorded in ammonium sulphate aqusstution with different concentrations (in
units M=mol/l)

In Figure 2 are reported the calibration achiever different species as function of their
concentration. It is to be noted that the slopkeced the sensitivity of the Raman probe to a pacul
substance.
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Figure 2. Calibration of the normalized intensity of the Rampeak signature of different anions as function o
their concentration.

3. Uncertainty calculation

According to the ISO GUM [7], the standard measw@wetnuncertainty is evaluated via uncertainty of
type A and type B as well. The uncertainty on tlomoentration determination arises from the
calibration, the method and the substance titral@n The main source of error comes from the
method i.e. the measurement of integrated intenisitfact as explained above, we calculate the rati
S between integrated intensities of two bands Egere 1). and assuming a rectangular shape for
these peaks we consider the uncertainty on thaesitfemaximum u(l) and the uncertainty u(w) on the
fullwidth at half maximum (FWHM) of both bands. &lelative uncertainty u(l)/1 is linked to the S/N
ratio and therefore increases for decreasing cdratem. The quantity u(w) is mainly related to the
spectrometer resolution. Applied to the determaratf nitrate anion we find a standard uncertainty
of 0.02 mol/l for a solution of 0.3 mol/l and 0.0dol/l for a more diluted sample of 0.04 mol/l.
External sources of error can influence the acqueand precision of the method. Thus a change of
temperature of the solution, and/or the presenanother species an affect the determination of the
seek substance. Both cases are discussed andftheis on evaluated.
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