Bernard Dussardier 
email: bernard.dussardier@unice.fr
  
Charlotte Hurel 
  
Marie Adier 
  
Dominique Vouagner 
  
Anne-Marie Jurdyc 
  
Recent progresses in optical detection and discrimination of pollutants in remote ground water and environment: a review

Against threats to populations by water pollution, it is critical to remotely, continuously and unambiguously identify and quantify pollutants in surface and ground water. This fast evolving field shall benefit increasingly from optical technologies. We propose a tentative review of the state of art and some promising ideas.

Context:

Pollutants released by industries, mines, intensive farming, heavy irrigation by groundwater threaten ecosystems and human health. Ground-and surface-water are carriers of naturally-and anthropogenically-sourced toxic elements. Intensive farming use ground-water as a primary source of irrigation at an increasing rate, causing overconcentration of pollutants in crops. Pesticides enter soils and filter down to water tables. Industry and mining are also important causes of pollution.

Even higher concern relates to drinking water. It was estimated that in 2015, 29% of the global population (2.1 billion people) lacked "safely managed drinking water"-meaning water at home, available, and safe [1]. Types of pollutants in water are many, to name a few: polychlorinated bi-phenyls (PCBs) [START_REF] Ross | The public health implications of polychlorinated biphenyls (pcbs) in the environment[END_REF], heavy metals and metalloids in various species (i.e. chemical compounds or forms) [START_REF] Baig | Arsenic Removal from Natural Water Using Low Cost Granulated Adsorbents: A Review[END_REF].

One of the iconic toxic elements is inorganic arsenic, even at trace level, and its most current ionic species, arsenate and arsenite. It is considered to be a major water pollutant due to its toxicity, being mainly responsible for human cancer, DNA hypomethylation, arsenicosis [START_REF] Jomova | Arsenic: toxicity, oxidative stress and human disease[END_REF], and is associated to cardiovascular disease and diabetes, as well as to negative impacts on cognitive development and increased deaths in young adults.

Arsenic is naturally present at high levels in the groundwater of a number of countries worldwide [START_REF] Jomova | Arsenic: toxicity, oxidative stress and human disease[END_REF][START_REF]World Health Organization[END_REF][START_REF] Barats | Naturally dissolved arsenic concentrations in the Alpine/Mediterranean Var River watershed (France)[END_REF]. The most important action in affected communities is preventing further exposure to pollutants. It is crucial for health security to carefully monitor the seasonal and/or accidental variations in pollutants concentration in surface water (rivers, lakes) as well as in ground water (water tables, seashores areas, water catchments, springs). The World Health Organization (WHO) recommendation for inorganic total metal arsenic in drinking water is less than 10 µg/litre (~0.13 µM). Available on-field testing kits based on chemical analysis lack of reliability, sensitivity and precision. Many other strong toxins merit attention. All those harmful at trace level (<< 1 ppm) require established laboratory methods, like mass-spectroscopy. They are costly, time intensive and laboratory bound [START_REF] Singh | Arsenic Biosensors: Challenges and Opportunities for High-Throughput Detection[END_REF].

In order to increase effectiveness and reduce costs of surveying programs, a great improvement would be the development of systems able to detect, speciate and quantify trace level pollutants. Ideally, surveys shall be remote and continuous, as opposed to scheduled sampling, to allow for fulltime survey and potential forewarning towards authorities and populations. To this aim, new technologies must be developed to access difficult locations (deep wells, water tables) to simultaneously probe at several depths, for example. Also, industrial pollution over extended zones (rivers, estuaries, lakes) shall be tracked, ideally with automatic networked sensing systems, where the sensing heads are sturdy, easily laid out with minimal footprint and environmental impact. Low cost and low energy consumption are also important choice parameters.

What can optical technologies offer to remotely detect trace level pollutants in water?

Optical technologies shall contribute to offer interesting alternatives to timed sampling and time-delayed chemical analysis of trace pollutant in ground-and surface-water. Sensing heads based on optical fiber and physical chemistry technologies shall be advantageous for small footprint, low cost and low environmental disturbance and impact. Distant interrogation of the sensing heads shall also be provided by guided wave optics and optoelectronics.

Several useful principles for sensing include absorption and vibrational spectroscopy, plasmonics and enhanced phenomena [START_REF] Strobbia | Recent advances in plasmonic nanostructures for sensing: a review[END_REF], surface plasmon resonances, surface enhanced Raman spectroscopy (SERS) [START_REF] Lai | A review of the preparation and application of magnetic nanoparticles for surface-enhanced Raman scattering[END_REF], engineered chemical interactions between pollutants and nanostructured substrates [START_REF] Priyadarshini | Gold nanoparticles as efficient sensors in colorimetric detection of toxic metal ions: A review[END_REF], colorimetry [START_REF] Chen | Detection of Mercury(II) Ions Using Colorimetric Gold Nanoparticles on Paper-Based Analytical Devices[END_REF], etc. A great deal of literature reports on applications toward pollutants detection [START_REF] Li | Recent progress in surface enhanced Raman spectroscopy for the detection of environmental pollutants[END_REF][START_REF] Hao | SERS detection of arsenic in water: A review[END_REF], including microfluidics [START_REF] Pu | SERS-microfluidic systems: A potential platform for rapid analysis of food contaminants[END_REF][START_REF] Zhou | Review of microfluidic approaches for surface-enhanced Raman scattering[END_REF].

On optical fibre sensing heads in particular, a rich literature reports on a variety of configurations and characteristics : fibre type and configuration [START_REF] Latka | Fiber optic probes for linear and nonlinear Raman applications -Current trends and future development[END_REF][START_REF] Mescia | Advances on Optical Fiber Sensors (review)[END_REF], fibre coating [START_REF] Elosua | Micro and Nanostructured Materials for the Development of Optical Fibre Sensors[END_REF][START_REF] Hernaez | Optical Fibre Sensors Using Graphene-Based Materials: A Review[END_REF], addition of gratings implementing surface plasmons [START_REF] Silva | Fibre Sensing System Based on Long-Period Gratings for Monitoring Aqueous Environments[END_REF][START_REF] Albert | Tilted fiber Bragg grating sensors[END_REF][START_REF] Gupta | Surface Plasmon Resonance-Based Fiber Optic Sensors Utilizing Molecular Imprinting[END_REF][START_REF] Wang | Review of optical fibre probes for enhanced Raman sensing[END_REF]. Interesting applications in other fields than pollutant detection is also inspiring, in life sciences [START_REF] Shipp | Raman spectroscopy: techniques and applications in the life sciences[END_REF][START_REF] Wang | Fiber-Optic Chemical Sensors and Biosensors (2013-2015)[END_REF][START_REF] Chiavaioli | Biosensing with optical fiber gratings[END_REF], food industry [START_REF] Kumar | Flexible and robust SERS active substrates for conformal rapid detection of pesticide residues from fruits[END_REF].

In this talk we will discuss some recent advances that would allow for the improvement of sensing heads, and for their remote interrogation.