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INTRODUCTION

Volatile organic compounds (VOCs) are among the most common environmental pollutants in air and in water. Moreover, investigating VOCs in small aqueous environmental samples is also interesting for studying biological fluids for diagnostic purposes and toxicological analysis. Most VOCs have a very low solubility in water and will be present at trace levels. For this reason sample pre-concentration and preparation steps are often necessary with traditional analysis methods.

AIMS OF THE PROJECT

In this project, we aim to present an alternative technique to analyze a complex mixture of VOCs in aqueous solutions. This technique is based on a tubular oven for rapid thermal evaporation of VOCs coupled to a compact mobile CI-FT-ICR for real-time analysis of emitted gas.

EXPERIMENTAL DEVICE CHARACTERISTICS

The low-field FT-ICR used is a laboratory-built instrument. The ICR cell is a 3 sections cell derived from a cubic geometry with wide openings on lateral sides for better pumping.

The magnet is a permanent magnet assembly in NdFeB. It has a HALBACH structure that generates a magnetic field of 1.25 T nominal intensity.

In our low-field FT-ICR, chemical ionization (CI) produces ions. CI is a soft ionization mode with high selectivity. It allows absolute quantification. Various precursor ions can be alternated. With H 3 O + , the CI reaction is:

H 3 O + + VOC → H 2 O + (VOC)H +
To vaporize VOCs from liquid samples deposited on a gauze, the instrument was coupled to a tubular oven We use an oven equipped with a quartz tube of 50 cm length, 32 mm OD, and 29 ID to do that. The samples in the oven were heated up to 200 °C.
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For the introduction of the sample in the vacuum of the mass spectrometer, we have used a newly developed two-way valve, which allows a direct drop of pressure from atmospheric pressure to some 10 -5 mbar . The detected intensities depend on the heating temperature ramp of the oven: the highest temperature ramp gives the best intensity. To verify the linearity of the response of the system, we have analyzed an aqueous toluene solution at different concentrations.

SAMPLE INTRODUCTION

RESULTS

Using the calibration curve and measurements on blanks, we identify a Limit of detection of 3 ppm.

METHOD

We used a 100 ppmv aqueous toluene solution to optimize the experimental conditions, in which we soaked a piece of non-woven gauze.
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CONCLUSION

Low-field mobile CI-FT-ICR mass spectrometer coupled to a tubular oven has demonstrated good analytical performances and has been applied to the analysis of a VOCs complex mixture in an aqueous solution. The system provides repeatable analysis where we can identify and quantify in the same time 9 VOCs from the 15 present. ▪ The optimized carrier gas flow rate found to be 20 mL/min. ▪ For the liquid volume soaking the gauze we choose to work with 0.5 mL.

VOCs Mixture analysis

The standard VOC mixture include isomers, 9 different product ion peaks corresponding to (VOC)H+ molecular formulas are expected in the mass spectrum. All the expected ions are present in the spectrum. The other ions (C 3 H 7 +, C 4 H 9 + , C 2 H 5 O 2 + ) result from known fragmentations of some of the VOCs in the mixture. For the 9 identified VOCs, the founded LODs range from 1 to 88 ppm depending on the nature of the compound and the rate coefficient of PTR.
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