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1. INTRODUCTION
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Abstract: Complex flow structures emerging in human lungs significantly affect 
deposition of inhaled particles. Therefore flow measurements alongside with deposition 
measurements have to be performed on the same model geometry. Amount of 
deposited aerosol particles in different regions of lungs could be measured by several 
methods. Gamma detection of radioactive tagged particles is subjected to strict 
regulations and is expensive; gravimetry and fluorometry are thus preferred in current 
studies.

Novel methodology for fluorometric measurement of aerosol transport in models of 
human lungs was developed. Some previously published experiments were performed 
using condensation of di(2-ethylhexyl) sebacate (DEHS) vapours on fluorescein nuclei. 
Their authors assumed that fluorescein is necessary for generation of fluorescent 
particles and they neglected possible fluorescence of DEHS itself. Our analysis of 
DEHS characteristics indicated that DEHS fluorescence could be detected apart in 
sufficient rate to evaluate aerosol deposition. Consequently experiments in standard 
setup of condensation monodisperse aerosol generator with sodium chloride nuclei 
instead of fluorescein were performed. Results demonstrating applicability and 
limitations of DEHS particles for fluorometric deposition measurements are presented 
and discussed.

Treatment of different lung diseases requires targeted delivery of medication to specific 
regions within human lungs [1]. Cancer develops usually in upper respiratory airways [2, 3],
whereas asthma, chronic obstructive pulmonary disease (COPD) or cystic fibrosis (CF) 
requires targeting of aerosolized medication to lower respiratory airways [4-6]. There is also 
a great potential for delivery of systemic medication directly to the blood circulation across 
alveoli [7].
Fate of inhaled particles depends on many factors such as shape and density of particles, 
airway dimensions and their constrictions caused by lung diseases, chemical properties of 
particles and mucus, method of inhalation and others. Many different methods are available
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to study absorption and deposition of particles [8]. Our work was focused on investigation 
of aerosol deposition in human lungs. Experiments were performed on the same geometry 
as phase Doppler anemometry measurements of particles velocity [9] and numerical 
simulations of flow and deposition [10].
Deposition of aerosol could be measured by radiolabelling of particles with consequent 
measurement of radioactivity in particular regions of lungs. This method can be used for
both, in vivo and in vitro experiments. However using radioactive material is subjected to 
strict regulations and also financial expenses are higher compared to other methods. 
Therefore we decided to use fluorometry to measure regional deposition in a model of 
human lungs. 

2. METHODOLOGY     

Fluorometry is based on measurement of fluorescence intensity in samples created by 
rinsing of particular segments of the model containing deposited luminiscent aerosol.  
Formerly published experiments were performed using di(2-ethylhexyl) sebacate (DEHS) 
particles  with fluorescein sodium salt (uranin) cores as fluorescent tracer [11, 12].  Our 
preliminary experiments indicated that there is a possibility to detect the fluorescence of 
DEHS itself and therefore standard setup of aerosol generator with sodium chloride cores 
could be used, which is effortless and cleaner. To confirm aplicability of DEHS fluorescence 
for evaluation of aerosol deposition, we have performed a set of tests which are presented
herein. 

Figure 1: Infrared spectrum of distilled and degraded DEHS [13]

The first question that arises is what causes the fluorescence of DEHS. Fluorescence is an 
emission of light caused by relaxation of an orbital electron to a ground state after excitation 
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to a higher quantum state by light at smaller wavelength. Regrettably DEHS is not a typical 
fluorophore and there is no obvious reason for its fluorescence, neither a note in the 
literature. Therefore we had to exclude a possibility of occurence of fluorescent impurities.
DEHS was distilled in low pressure atmosphere to remove possible impurities and put to test 
on infrared spectroscopy at Nicolet Impact 400 with ATR crystal. The infrared spectrum of a 
sample is recorded by passing a beam of infrared light through the sample. When the 
frequency of the IR light is the same as the vibrational frequency of a bond, absorption 
occurs. Examination of the transmitted light reveals how much energy was absorbed at each 
wavelength. From this, a transmittance or absorbance spectrum can be produced, showing 
at which IR wavelengths the sample absorbs. Analysis of these absorption characteristics 
reveals details about the molecular structure of the sample [14]. IR spectrometry is an 
instrument for highly sensitive detection of different chemical elements and is often used in 
forensic science. We can expect that IR spectrometry will easily detect possible impurities in 
DEHS. However Figure 1 illustrates that IR spectrum of distilled and original DEHS does not 
differ; therefore we can assume that there are no significant organic impurities present in 
the samples.
It follows from our experience that DEHS changes its colour from almost transparent with a 
tinge of yellow to yellow color during experiments due to heating in aerosol generator. There 
is obviously some kind of degradation which should be recorded by fluorometry or 
possibly by infrared spectroscopy. Regrettably infrared spectroscopy gave the same spectra 
for degraded and non-degraded DEHS, therefore these two DEHS types can not be 
distinguished by this method. 3D fluorescent spectrometry was used for verification of the 
supposition that there are two types of DEHS: non-degraded and degraded. Excitation scans 
were performed for wavelengths 250 nm to 500 nm with 5 nm step and emission scans were 
performed for wavelengths 250 nm 600 nm with 10 nm step. Resulting scans are presented 
in Figure 2 and Figure 3.
The methodology of aerosol deposition measurement requires usage of suitable solvent to 
dissolve DEHS deposited on each segment. Seven solvents were tested: isopropanol, 
ethanol, methanol, dimethyl sulfoxide (DMSO), cyclohexane, xylene and chloroform. 
Fluorescence characteristics of DEHS in different solvents was investigated by fluorescence 
spectroscopy on AMINCO Bowman Series 2 spectrometer. Samples were created by 
dissolving of 0.5 ml of DEHS in 4.5 ml of solvent and mixed for 24 hours. The samples were 
3D scanned afterwards.
The best yield was achieved with isopropanol, the worst in xylene (see Figure 4 and Figure
5). Isopropanol therefore appears as the best solvent for DEHS.
As these tests confirmed detectability of DEHS-isopropanol solution fluorescence, we decided 
to perform deposition experiments with DEHS aerosol in standard setup of aerosol generator 
with sodium chloride nuclei.
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Figure 2: Fluorescence spectrum of non-degraded DEHS [13]

Figure 3: Fluorescence spectrum of degraded DEHS [13]

EPJ Web of Conferences

01050-p.4



Figure 4: Fluorescence spectrum of DEHS in xylene [13]

Figure 5: Fluorescence spectrum of DEHS in isopropanol [13]
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3. RESULTS

Experiments were performed on a test rig consisting of 
aerosol generator, aerosol monitor, air-aerosol mixer, 
segmented model of human lungs [15], ten filters at ten 
output branches of the model, adjustable flowmeters and a 
vacuum pump (see Figure 6). 
Aerosol generator was set to produce 3 μm monodisperse 
particles with concentration 1.105 P/cm3. Flowrates were set 
individually on each flowmeter to fit the same flow conditions 
that were used for Phase Doppler Anemometry 
measurements. Total flowrate through the model was set to 
15 LPM (resting conditions) and 30 LPM (deep breath). 
Experiments were performed in inhalation regime.
The model was dismounted to segments after the experiment 
and each segment was sonicated in isopropanol to 
dissolve the deposited DEHS aerosol. Samples created by 
sonication were analyzed on AMINCO Bowman Series 2
spectrometer and resulting fluorescence intensity for each segment was recorded. We 
assumed that the fluorescence intensity is directly proportional to the amount of deposited 
aerosol. The ratio of the segment fluorescence intensity and the sum of intensities of all 
segments was divided by inner surface area of the segment which equals to aerosol 
deposition density in the segment. The resulting deposition densities for all segments are 
presented in Figure 7. However the results did not match published data acquired using 
different methods (Figure 8).

Figure 7: Deposition density results acquired using DEHS fluorescence

Figure 6: Scheme of the 
test rig
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Figure 8: Comparison with published data (modified from [16])

4. DISCUSSION

The reason of the difference in our and published data is probably caused by diverse 
measuring methods, as the lung models are similar. In our case we did the assumption that 
the fluorescence intensity is directly proportional to the amount of deposited aerosol, which 
might be wrong. This was confirmed by present calibration experiments, which 
demonstrated that there is a very low increase in fluorescence intensity with increasing 
concentration of DEHS, which leads to inaccurate results in our range of concentrations. 
Increasing of concentration range is impossible in our case, therefore new suitable 
fluorescent tracer should be used. Essential characteristic of the new tracer is high 
resistance to heat, as we need to produce monodisperse particles by condensation in the 
generator at high temperature.

5. SUMMARY

Preliminary experiments confirmed detectability of DEHS by fluorescence spectroscopy. 
Infrared spectrometry excluded the possibility that the fluorescence is caused by organic 
impurities in DEHS batch, but the real cause of DEHS fluorescence remains unclear. 
Isopropanol appears as the most suitable solvent according to 3D fluorescence scan 
analysis. Aerosol deposition measurement performed using DEHS fluorescence analysis 
showed considerably different results than expected. The reason is probably very low 
increase of DEHS fluorescence with increasing concentration. For future measurements of 
aerosol deposition is therefore necessary to use different fluorescent tracer, however our 
analysis of DEHS characteristics might be useful in other applications where larger 
concentration ranges occur.
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