C1. Scientific context and motivation.
Laser photoacoustic spectroscopy (LPAS) is maturing rapidly in its applications to real world problems. One of the most burning problems of the current turbulent times is to improve the prediction of cancer risk to humans. Cancers are primarily an environmental disease with 90-95% of cases due to lifestyle and environmental factors and only 5-10% due to genetics. Common environmental factors leading to cancer death include: tobacco (25-30%), diet and obesity (food quality: 30-35%), infections (15-20%), radiation, stress, physical activity, environmental pollutants. These environmental factors cause abnormalities in the genetic material of cells.
To date, more than 1,000 compounds have been identified to be present in exhaled human breath. Their concentrations range from ppb (parts per billion) to ppt (parts per trillion) levels. Approximately 35 of the identified compounds in the exhaled breath have been established as biomarkers for particular diseases and metabolic disorders. The relation between a biomarker and a specific disease is often multi-fold. In some cases, a breath species is a biomarker that is indicative of more than one disease or metabolic-disorder; in other cases, one particular disease or metabolic disorder can be characterized by more than one chemical species. For instance, breath ethylene is an indicator of oxidative stress, lipid peroxidation, inflammatory processes (chronic asthma, peritonitis), acute myocardial infarction, and it serves as a biomarker for radiation damage. At the same time, ammonia (NH3) is a biomarker for asthma, toxic hepatitis, metabolism of monoamines in lungs, liver disease jaundice, liver cirrhosis and kidney insufficiency (at nephritises, hypertonic disease, atheroscleroris of kidney arteries, toxicosis and nephropatia of pregnants, toxic kidney damage). Similarly, lipid peroxidation can be diagnosed through analysis of breath ethylene and pentane. These features require breath analysis to be not only highly-sensitive, but also highly-selective in order to obtain accurate information.
Plants (unlike humans) lack glands that produce and secrete hormones, instead, each cell is capable of producing hormones. Under normal conditions, plants grow and reproduce; yet, plants are often faced with a changing – sometime extreme – environment that can cause unfavorable conditions; in such an environment plants are considered to be stressed. Abiotic stress conditions include: salinity, toxicity (pesticides or fertilizers), irradiation, exposure to high temperature, flooding and drought, freezing or growth hormones. The induced metabolic disturbances in fruits (vegetables) are followed by significant and rapid changes in the rate of ethylene emission.
Applications of LPAS include concentration measurements and trace gas analysis, accurate determination of thermophysical properties, detection of dynamic processes such as mixing of gases or chemical reactions, relaxation processes, spectroscopic experiments, measurement of aerosols. Trace-gas detection techniques are important for applications such as breath diagnostics, security and workplace surveillance, air-quality measurements, atmospheric monitoring. The laser based instruments can also be used for the detection of a wide variety of industrial gases, a broad range of chemical warfare agents, blistering agents and poisonous gases or explosives. In plant physiology, they make possible to discover and control mechanisms such as those responsible for germination, blossoming, senescence, ripening, healing effects after wounding or postanaerobic injury.

Considering the wide gamut of application areas, the requirements for LPAS are various and the development and implementation of versatile analytical tools is challenging. Important features are multicomponent capability, high sensitivity and selectivity (to be immune to interference), high accuracy and precision, large dynamic range (usually larger than six orders of magnitude, from 100 ppt till 100 ppm - parts per million), none or only minor sample preparation, good temporal resolution, ease of use, versatility, reliability, robustness, and a relative low cost per unit. 
Today, there are well established methods employed routinely in gas monitoring like chemiluminescence, gas chromatography (GC, often combined with mass spectrometry: GC-MS), and many chemical techniques. Spectroscopic devices include differential optical absorption spectroscopy (DOAS), Fourier-transform infrared (FTIR) spectrometers or light detection and ranging (Lidar) systems. Although there is no ideal instrument that would fulfill all the requirements mentioned above, the spectroscopic methods offer some unique advantages, notably the multicomponent capability, high sensitivity and selectivity, and in general no need for sample preparation. 
The crucial parts of a LPAS used for gas sensing are the light source and its wavelength tuning characteristics, as well as the detection scheme employed. Lasers offer the advantage of high spectral power density owing to their intrinsic narrow linewidth. The implementation of a laser as a light source into a spectrometer depends notably on the available wavelengths. While in the near-IR range (up to 2 (m) room temperature tunable diode lasers (external cavity diode lasers, ECDL) are readily available today, the situation becomes more difficult in the mid-IR beyond 2 (m. The most widely used sources are CO and CO2 lasers, lead salt diode lasers, quantum cascade lasers (QCL), and nonlinear optical devices such as optical parametric oscillators (OPO) and difference frequency generation (DFG).
Based upon the research conducted over the past 16 years in our laboratory, the young research team has accumulated a rich experience that provides the necessary conditions for the proposed project. The results of the research using LPAS system developed at National Institute for Laser, Plasma and Radiation Physics, Optics and Lasers in Life Sciences, Environment and Manufacturing laboratory were the topic of some doctoral theses, graduation papers, master dissertations, and also the subject of numerous studies, scientific papers and communications.
The purpose of new project is to study the opportunities and capabilities of LPAS method in two high impact modern applications: a) food quality ( monitoring of irradiation, monitoring of toxicity, exposure at high temperatures, effects of flooding and drought, effects of freezing and growth hormone), and b) medical diagnosis based on exhaled breath analysis (X-ray interactions with living tissue in the human body, improvement in dialysis efficacy in patients with renal dysfunctions, the effects of electronic cigarettes versus tobacco cigarettes).
This project is included in the domain LS, Life sciences, subdomains LS7_9 (Health services, Health care research) and LS7_2 (Diagnostic tools).
C2. Objectives.
Breath analysis techniques offer a potential revolution in health care diagnostics. In principle, each breath contains information regarding the internal state of a patient. The technical challenge facing both clinicians and measurement system providers is to extract from that breath meaningful data which can be correlated to patient health.
Sampling and analysis of breath is preferred to direct measurement of blood samples, because breath collection is noninvasive, contamination is easily avoided, and the measurements are much simpler in the gas phase than in a complex biological media such as blood. 
The objectives of the project are:
a) Analysis of the exhaled ethylene from patients treated by anti-tumour radiotherapy 
The first objective is to measure the exhaled ethylene from patients receiving radiation treatment and compare the results with healthy subjects in order to correlate the ethylene concentrations with the level of oxidative stress. Ethylene is well suited for the estimation of cellular damage, because this species is excreted in breath within minutes of its formation in tissues. 
Radiation therapy uses ionizing radiation to kill cancer cells and shrink tumors. When considering ionizing radiations, a substantial part of the total interactions concerns water molecules, water being the major component of living tissue present in all biological systems. Consequently, mainly water ions and radicals are generated inside tissues as primary reactive species. Those reactive species (free radicals) then interact with biomolecules and damage them (indirect effect of radiation); in particular, they can start lipid peroxidation (LP) events on cell membranes. The ethylene produced as an effect of radiation-induced LP, in fact the process of free-radical-induced oxidative degradation of polyunsaturated fatty acids, diffuses through tissues inside the body, then it is collected by the haematic flow in the blood vessels, and transported to the lungs. The membranes separating the air in the lungs from the blood in the capillaries are very thin and are optimized for gas transport, so ethylene is easily emitted in exhaled breath. If the increase in the breath ethylene could be put in relation to the extent of LP events, then the monitoring of exhaled ethylene could be a simple method to follow up the increase of radiation damage in an organism.
b) Analysis of exhaled ammonia and exhaled ethylene from patients treated by haemodialysis
The second objective of the project is to detect and measure the exhaled ammonia and ethylene from patients with renal failure receiving haemodialysis. The analysis of ethylene and ammonia traces from human breath would provide the necessary insight into severity of oxidative stress and metabolic disturbances and assure optimal therapy and prevention of pathology at patients on continuous haemodialysis.
Human bodies use ammonia in a number of ways, including for the maintenance of the normal pH balance necessary to sustain life. Ammonia is processed in the liver, kidneys and skeletal muscles. Typically, ammonia and ammonium ions (in a healthy individual) are converted into urea in the liver through the urea cycle (Krebs-Henseileit cycle). As small molecules, ammonia and ammonium ions can penetrate the blood-lung barrier, being exhaled with the breath.
In the case of kidney dysfunction, urea is unable to be excreted, causing an excessive build up of ammonia in the blood, inducing the decay of all organism functions and causing morbidity and mortality.
Kidney dialysis is evaluated with a dimensionless parameter called urea reduction ratio (URR) that compares the pre and post dialysis levels of blood urea nitrogen (BUN). This calculation requires taking blood samples and generally sending them to a lab for BUN determination. A surrogate for the URR is breath ammonia reduction ratio (BARR - derived from the measurements of predialysis and during dialysis breath ammonia concentrations). For BUN (URR) under normal circumstances, results are not available in less than 12-48 hours, while for BARR with LPAS the results are available in less than 10 minutes.
To the normal buildup of urea in the body, a particularly increase in uremia at dialyzed patients should be added due to the oxidative stress. The oxidative stress is a persistent manifestation at patients with renal failure, where the loss of balance between free radical or reactive oxygen species (ROS) production and antioxidant systems is more pregnant, with strong negative effects on carbohydrates, lipids and proteins. In order to make the distinction between the level of uremia due to the normal physiological processes in the body and those induced by the stress of undergoing the dialysis, the parallel determination of ethylene concentration is required.
Comparing the measurements from dialyzed patients and healthy subjects we can establish an accurate correlation between URR and BUN evolution, and assess the level of trauma during dialysis. As a result, the ammonia and ethylene levels in the breath can be used for optimizing the haemodialysis duration for the patients with end-stage renal disease
c) Analysis of exhaled ethylene from smokers using traditional or electronic cigarettes (smoke vs. vapor emission)
As a third objective we plan to compare the ethylene concentrations at subjects who inhale cigarette smoke with subjects who inhale electronic smoke, and passive smokers.
There are millions of smokers in Romania alone that enjoy smoking cigarettes throughout the day. However, in recent years, cigarette smoking has been legally banned in many public places. Since then, smokers have been searching for smoking alternatives to help curb their nicotine cravings. Some people wear a nicotine patch, some people chew nicotine gum, and some people switch to electronic cigarettes.

One of the main differences in tobacco products and electronic cigarettes is that electronic
cigarettes to not produce smoke or tar. When you smoke a tobacco cigarette, smoke is expelled
into the air. This smoke contains over 4,000 different pollutants and toxins. When you smoke
an electronic cigarette, you are inhaling and exhaling vapors that contain nicotine. It contains no
pollutants and no second hand smoke is released, so the passive smoking danger is avoided.
Although electronic cigarettes have recently been marketed as a safer alternative to traditional smokes, a new analysis of 19 types of the E-cigarettes revealed that they contain toxic chemicals, e.g: diethylene glycol (a component of antifreeze that proved deadly when it was illegally added to toothpaste) and nitrosamines (known carcinogens found in tobacco smoke).
Traces of ethylene in breath air resulting from LP in lung epithelium following the inhalation of cigarette smoke and electronic vapors must be studied. The cigarette smoke contains many toxic components that may induce ethylene formation.  Ethylene oxide is a chemical product that induces cancer in the lungs. In order to monitor the damages caused by the inhaled smoke and inhaled vapor, a breath test must be performed in order to give us information on the volatile organic compounds under normal and stress circumstances.

d) Analysis of ethylene in organic fruits and vegetables versus non-organic fruits and vegetables
The fourth objective shall compare the ethylene concentrations from organic and non-organic food (fruits and vegetables) considering the last category as undergoing stress conditions.

The term “organic” refers to the way farmers grow and process agricultural products, such as fruits and vegetables. For organic food, farmers don’t use artificial hormones or irradiation on their plants, pesticides and herbicides are restricted, the routine use of drugs, antibiotics and wormers are disallowed, genetically modified crops and ingredients are banned.
For non-organic food, farmers apply synthetic pesticides and herbicides to combat insects and weeds, hormones, fertilizers and antibiotics (this is especially dangerous for humans when we ingest, because we encourage the rapid spread of antibiotic-resistant infections), irradiation and contaminated sewage sludge (it was showed that large amounts of this may contribute to chronic illnesses). In the case of the final product artificial colors or preservatives may be also added.
Stress is the “disease of the century”. At plants, stress is produced by irradiation, exposure to high temperature, flooding, drought, freezing, growth hormones, antibiotics, pesticides and herbicides (toxicity). These metabolic disturbances in fruits (vegetables) are followed by significant and rapid changes in the rate of ethylene emission. Irradiation (one of the metabolic disorder) preserves the food by disrupting the biological processes that lead to decay of food quality. Radiation interacts with water and other biological molecules in a food system and produces LP, which generally act as oxidizing agents and can cause several changes in the molecular structure of organic matter. Since this gas is also active within humans, it can lead to uncontrolled cell division or cancer. 
C3. Method and approach (Methodology). 
The ammonia and ethylene concentrations will be measured using the LPAS system developed at National Institute for Laser, Plasma and Radiation Physics, Optics and Lasers in Life Sciences, Environment and Manufacturing laboratory, Bucharest, Romania.

The experimental setup consists of a line-tunable CO2 laser emitting radiation in the 9.2 - 10.8 (m region on 73 different vibrational-rotational lines and a photoacoustic cell (PA), where the gas is detected. The requirement for gases to be detected with this sensitive laser is that they should possess high absorption strength and a characteristic absorption pattern in the wavelength range of the CO2 laser (e.g. 10.53 (m for ethylene and 9.22 (m for ammonia). 

Inside the PA, traces of ethylene and ammonia can absorb the laser radiation and the absorbed energy is released into heat, which creates an increase in pressure inside a closed volume. By modulating the laser beam with a mechanical chopper, pressure waves are generated and detected with four sensitive miniature microphones mounted in the cell wall. There electric signal is fed into a dual-phase, digital lock-in amplifier and its filtered output signal is introduced in the data acquisition interface. All experimental data are processed in real time and stored by a computer.
Another important element of the system is the gas handling system due to its role in ensuring gas purity in the PA cell. It can be used to pump out the cell, to introduce the sample gas in the PA cell at a controlled flow rate, and monitor the total and partial pressures of gas mixtures. 

To increase the accuracy of LPAS method for measurements of biomarkers in exhaled air of subjects, we took several supplementary measures, such as aluminium-coated plastic bags for preserving the sample gas, or traps filled with potassium hydroxide (KOH) for retention of the CO2, and CaCl2 or CaSO4 (known as Drierite) for filtration of water vapors.
The measurements will be performed for two specific CO2 laser lines where we have the maximum absorption coefficients:
 - 10P (14) for ethylene where α = 30.4 cm-1atm-1 (λ = 10.53 μm)

 -  9R (30) for ammonia where α = 57.12 cm-1atm-1 (λ = 9.22 μm)
In order to increase the specificity of our system we intend to include: a) a compact mass spectrometer (MS) for parallel determination of our interest gases; b) QCL diodes to increase the spectral range of our measurements.
To fulfill the proposed objectives, the activity in the project is structured on several milestones with the person-months units estimation mentioned in brackets:
M1. Analysis of the exhaled ethylene from patients treated by anti-tumour radiotherapy (12 person-months):

- The concentration level of exhaled ethylene at healthy subjects;

- The concentration level of ethylene for the patients before the start of X-ray treatment, during, and after X-ray treatment.
M2. Analysis of exhaled ethylene from patients treated by haemodialysis and correlation with oxidative stress (15 person-months):

- The concentration level of ethylene for the patients with renal failure, before the start of haemodialysis, during, and immediately after haemodialysis treatment;

- Correlation of breath ethylene with oxidative stress.
M3. Analysis of exhaled ammonia from patients treated by haemodialysis and correlation with blood urea nitrogen (15 person-months):

- The concentration level of exhaled ammonia at healthy subjects;

- The concentration level of ammonia for the patients with renal failure, before the start of haemodialysis, during, and immediately after haemodialysis treatment;

- Correlation of breath ammonia with blood urea nitrogen.
M4. Analysis of exhaled ethylene from humans after cigarette smoking (12 person-months):

- The concentration level of exhaled ethylene from non-smokers;

- The concentration level of exhaled ethylene from smokers (real cigarrete).
      M5. Analysis of exhaled ethylene from humans after electronic smoking-vapor (12 person-months).
      M6. Analysis of exhaled breath from passive smokers (10 person-months).
      M7. Ethylene monitoring in organic fruits versus non-organic fruits (10 person-months):
- The concentration level of ethylene at organic fruits;
-The concentration level of ethylene at non-organic fruits and correlation with LP.
        M8. Ethylene monitoring in organic vegetables versus non-organic vegetables (10 person-months):
- The concentration level of ethylene at organic vegetables;
- The concentration level of ethylene at non-organic vegetables and correlation with LP.
The work plan is described by the GANTT diagram with the following mentions: i) M1 is three months short because our previous experience showed fast correlation of data compared to the other activities in the project; ii) some cross measurements will be made: M3 with M2; M6 with M4, then M6 with M5; iii) the time dedicated to the last two milestones (M7 and M8) is longer and the evolution is parallel due to the seasonal sequence of crops and market availability of fruits and vegetables. At the end of each milestones a report should be issued. A continuous activity of results disseminations will begin with the fourth month of the project, after the first periodical report.
Table 1 GANTT Diagram
[image: image1.emf]
The project will be implemented by a research team with a vast and complementary experience. The structure of the team together with the time commitment for each person is summarized below:
	Team
	Main experience
	Total months

	1 Project Manager (CS)
	PhD, LPAS, OCT
	24/person

	2 Senior Scientist  (CSI)
	PhD, LPAS, biotechnologies, laser, optics and electronics
	6/person

	3 Scientific Researcher (CS)
	PhD student, biophysics, medical physics and LPAS
	12/person

	2 Scientific Researcher (CS)
	PhD student, electronics, lasers, optics, data acquisition and software development
	8/person

	1 Research Assistant (ACS)
	PhD student, medical devices and material science
	8/person

	Total: 
	9 persons
	96 person-months


C4. Impact, relevance, applications. 
The quest for non-invasive, real-time monitoring tools is a characteristic of the modern medicine. The technique that will be developed in this project complies with this requirement ensuring the advantages of health state assessment by monitoring the evolution of gaseous biomarkers in human body, impossible to achieve with current techniques. We choose to characterize by breath air analysis two treatment conditions (X-ray therapy and haemodialysis) and one prevention domain (smoking), but the method can be easily extended to other pathological issues.
Furthermore we concentrate our goals to a new emerging trend: the “organic” quality of food. The impacts of dietary exposure to pesticide residues (known cancer-risk factors) at levels typically found in and on food are less easy to establish, so the pre-assesment of food is necessary before the human intake. While plants extract a wide range of minerals from the soil, artificial fertilizers replace some principal minerals. There is a clear long-term decline in the trace mineral content of fruit and vegetables, and the influence of farming practices needs to be investigated more thoroughly.

Public concern about food quality has intensified in recent years and prompted heated debates about the integrity and safety of food. Demand for organically produced food has grown rapidly, because the good health status of people eating organic food was proved by recent analysis, and alternative cancer therapies have achieved good results relying on the exclusive consumption of organic food. Nutritional cancer therapies avoid pollutants, irradiation, growth hormones, and toxins as much as possible, and promote exclusive consumption of organically grown foods and increases in nutrient intakes. 

 To assess the accuracy of the “organic” statement, attention must be focused on all those stress factors which can alter the food quality. The method that we proposed intends to asses in a simple yet precise manner the intensity of these perturbing factors in agricultural production. 
The investigation methods developed according to this project will be applied in: a) Radiotherapy Departments of Hospitals; b) Centers for Radiation Protection and Hygiene; c) Various institutions (Nuclear Centers) which presents radiation risk to employees; d) Pneumology Centers; e) Dialysis Centers; f) Medical Research Laboratories; g) Preventive Medicine Clinics; h) Laboratory certification of agricultural products and food stuffs; i) Food Import Control; j) Evaluation and verification of stress factors in agricultural production. 
Improving the system incorporating a portable mass spectrometer, reducing the dimensions employing QCL diodes, and programming the complete software automation of the entire system could lead to a very compact device which can enter into endowments of rural agricultural centers and regional treatment units, reducing important costs in terms of money and time resources.
Such systems are not commercially available, and research laboratories are in the evaluation phase in a few centers in the world (Heinrich-Heine University Düsseldorf - Germany, University of Nijmegen - The Netherlands, ENEA Frascati -  Italy, ETH Zürich - Switzerland, NASB Minsk – Belarus, etc.). Therefore, accomplishing the goals of the project and obtaining quality results could lead to a high number of publications and to a very exclusive position in the world of photoacoustic spectroscopy.
C5. Resources and budget. 
Our previously results disseminated in scientific papers, doctoral theses, graduation papers, dissertations, and scientific communications provide the broad base of theoretical knowledge necessary for the proposed project. Our laboratory has also an existing infrastructure that supports all the proposed experiments of this project: a) Tunable CO2 laser and frequency stabilized (homemade); b) High power CO2 laser COHERENT; c) Home made photoacoustic cell; d) Gas handling system (vacuum pumps, pressure gauges, gas flow controllers); e) Dual-phase, digital Lock-in amplifier (Stanford Research Systems model SR 830); f) Tektronix DPO 7104 Digital Oscilloscope; g) Mechanical chopper model DigiRad C-980 and C-995; h) Laser radiometer Rk-5700; i) Computers and specialized software (LabView, TestPoint).

The logistic to be considered for acquisition during the project consists of: a) QCL Diodes with accessories; b) MS system; c) Calibration and technological gases; d) Optical components (lens and mirrors); e) Breath collecting consumables (disposable items, multi-use bags), other laboratory chemicals and safety materials. The purchase of QCL diodes and MS increases significantly the logistic costs over the limit of 60.000 RON, but their acquisition is necessary for a more complex and miniaturized version of the LPAS system.
Estimative costs (RON, calendar years):
	Budget chapter (costs)
	2011 (RON)
	2012 (RON)
	2013 (RON)
	2014 (RON)
	Total (RON)

	Staff
	72.000
	180.000
	199.000
	117.000
	568.000

	Logistics
	5.000
	60.000
	80.000
	10.000
	155.000

	Mobilities
	3.000
	10.000
	15.000
	10.000
	38.000

	Indirect Costs
	20.000
	50.000
	56.000
	33.000
	159.000

	Total
	100.000
	300.000
	350.000
	170.000
	920.000


Estimative costs (€, for whole project)

	Budget chapter (costs)
	Total budget 2011- 2014 (€)

	Staff
	132.093,02

	Logistics
	36.046,51

	Mobilities
	8.837,21

	Indirect Costs
	36.976,74

	Total
	213.953,48
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