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The primary focus of my research was done on the application
possibilities of advanced approaches of analytical chemistry, namely
gas-chromatography combined with mass spectrometry, on the assessment of
real environmental samples. More simple and compact sensor devices were
also tested for the mentioned task.

Odor analysis as a perspective trend of modern analytical chemistry is a
common descriptive approach that was used. Samples that have been
analyzed included among others tap and drinking water, human skin gas
emanations, human breath and indoor air. The largest set of experiments
with GC-MS was conducted on blood plasma samples obtained from dogs
with or without cancer disease in order to find the answer if the disease
condition can be distinguished just based on the odor profiles measured by
GC-MS. The main task of this work was to develop analytical approaches
suitable for the solution of actual tasks in environmental and medical
assessment. List of the studied
tasks and results is following:

1. Simple and fast purge-and-trap GC-MS (PT-GC-MS) method
developed for the quantitive determination of parts per trillion (ppt) levels of
offensive flavor odor compounds — 2,4,6-trichloroanisole (TCA) in water. As a
result it 1s showed that some common, complicated, time and resource
consuming tasks can be solved in very simple and natural way without
complex sample preparation in order to achieve trace analysis. For the case
of TCA the developed PT-GC-MS method showed excellent linearity in ppt
range with detection and quantification limits equal to 0.04 and 0.12 ppt
respectively.

2. Volatile organic compounds production from the human body recently
is believed to be the source of non-invasive diagnostics of diseases based just
on the odor profiles excreted from blood, human breath, urine, skin gas etc.
This idea was tested in the analytical assessment of dog blood plasma
samples with two methods developed. One method is direct thermal
desorption GC-MS (TD-GC-MS) assessing volatiles directly released from

blood plasma. Other method involved mild thermal degradation (or low



temperature pyrolysis) with followed GC-MS analysis (PY-TD-MS) of blood
plasma samples. The results of this investigation showed that in principle
samples with cancer possess higher level of biochemical perturbations,
however clear molecular markers were not defined on current stage.
Analysis of variance with non-parametric Mann-Whitney test and
multivariate statistical method — principal component analysis (PCA) had
been conducted. As a result list of compounds with significant differences
between cancer and healthy groups was formulated.

Simpler from the instrumentation point of view, sensor devices, however,
could be another good way to solve the defied tasks. In the frame of this
thesis several approaches have been developed for the assessment of both
environmental and human samples. Common feature for the developed
sensors is the way how sensing material was assembled with the different
transducers. For this task thin films of nanometer scale thickness have been
deposited on the surfaces ensuring the interaction of the sample with the
sensor. The tasks solved are as follows:

3. Evanescent wave fiber-optical sensor (EWFOS) has been designed for
the assessment of the human skin emanations. Simplicity of the developed
sensor, compact size are obvious advantages of EWFOS sensor device over
the bench-top GC-MS but it posses more fundamental feature — the
possibility to react on the total mix of the gases, in other words “global odor”
emanated from the human skin. Results achieved have shown ability of the
sensor to distinguish the human responses from simulated samples, as well
as certain changes in the skin gas odor due to physiological conditions.

4. Quartz crystal microbalance (QCM) sensors with thin film coatings
have been used to create the sensor system applicable to the monitoring of
the environmental humidity with simultaneous detection of several indoor
environment relevant factors. Highly stable and sensitive to relative
humidity (RH) in real environment QCM sensors with linearity range up to
95% RH had been developed. Using the specific properties of chemical
constituents of the films use of the sensors was extended to the simultaneous
response on significant changes of environment like cigarette smoke
collection of hazardous gas (ammonia) release.

5. Another successfully developed approach based on use of QCM sensors



concluded the versatile assessment of human respiratory system and
possibility to measure several important lung functions (respiratory rate,
pattern, lung volumes, expiratory and inspiratory flows). Novel application
of QCM sensors demonstrated for the first time, to the best of my knowledge.
Fundamentally QCM respiratory monitor operation is also based on the RH
response. The main feature that was used is the ultra-fast response of
thin-film modified QCMs on the small changes of RH. This allowed us
indirect measurements of the human respiratory mechanics through the
chemical changes of breath composition (mainly RH). Based on the achieved
results with home-made system, prototype sensor with extended properties
(namely, controlling QCM frequency sampling rate, sensors chamber
temperature, gas flow) was built and optimized for the acquisition of lung
function tests. System was also tested for the simultaneous detection of
breath ammonia. Detection of disease indicating ammonia levels (~ 5 parts

per million) was successfully achieved.
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