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Abstract 
 
Ambient particles are believed to be a specific health hazard, although the underlying 

mechanisms are not fully understood. There are data in the literature indicating fast 

and substantial systemic uptake of particles from the lung. We have developed an 

improved method to produce ultrafine particles with more stable radiolabel and 

defined particles size range. Fifteen subjects inhaled 99mTechnetium (99mTc)-labeled 

carbonaceous particles, 100 nm in size. Radioactivity over the lung was followed for 

70 h. We tested the clearance of these ultrafine particles from the lungs and 

specifically translocation to the circulation. 

Lung retention for all subjects at 46 h was 99% (SD ±4.6). Cumulative leaching of 

99mTc activity from the particles was 2.6% (±0.96) at 70 h. Twenty-four h activity 

leaching in urine was 1.0% (±0.55). 

We found no evidence of a quantitatively important translocation of 100 nm particles 

to the systemic circulation from the lungs. More research is needed to establish if the 

about 1% cleared activity originates from leached activity or insoluble translocated 

particles, and whether a few percent translocated particles is sufficient to cause 

harmful effects. 
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Introduction 
Epidemiological studies provide evidence that air pollution contributes to systemic as 

well as pulmonary diseases and reactive airway effects [1-6]. These findings pertain to 

elderly people and susceptible persons with underlying diseases of various origins [7]. 

Of the particulate matter in ambient air, ultrafine particles (<100 nm) represent a 

substantial component. Ultrafine particles are more toxic and induce more severe 

inflammation than larger particles [8]. The mechanisms underlying the effects are 

largely unknown, but autonomic regulation of the heartbeat, inflammation and 

systemic coagulation effects, and direct metal toxicity to the heart muscle are 

proposed mechanisms [7, 9, 10]. It is essential to establish if insoluble particles can 

enter the systemic circulation, or if particles specific effects are initiated in the lung. 

Recently Nemmar et al [11] exposed five human subjects by inhalation to 99mTc-

labeled ultrafine particles and observed translocation of 99mTc into the blood 

compartment. Leaching of the label affected the result due to the difficulty in 

differentiating between the solute label and labeled ultrafine particles in blood and 

extrapulmonary organs. 

The aim of the study was to examine whether there is a significant uptake of ultrafine 

particles (about 100 nm) into the systemic circulation, by measuring pulmonary 

retention and activity over the liver. The test particles were generated with a new 

modified method developed by the involved research groups. 

Materials and Methods 
Generation of ultrafine particles 
A Technegas GeneratorTM (Tetley Manufacturing Ltd, Australia) was used to generate 

the �Technegas� aerosol, which is an aerosol of 99mTc-labeled ultrafine carbonaceous 
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particles (6 h half-life) in a pure argon atmosphere. The production technique needed 

modification since the aerosol normally contains a portion of soluble pertechnetate 

(99mTcO4�) (isotope loosely bound to the particles). In our study, size distribution and 

number concentration of the aerosol were monitored before and after inhalation by a 

differential mobility particle sizer (DMPS classifier 3071 and CPC 3010, TSI 

Incorporated Particle Instruments, MN, USA) and a condensation particle counter 

(CPC 3020, TSI) (detection limit 10 nm and 7 nm). Inhalation started 4 minutes after 

aerosol generation. 

Modifications 
In order to produce leaching free particles of a controlled size, we (1) eliminated 

sodium from the 99mTc elute; (2) purified the argon gas; (3) diluted the particle aerosol 

to reduce coagulation; and, for modulation of particle size, (4) modified evaporation 

time and (5) temperature. The method was developed for the study and is described by 

Möller et al. [12] 

Exposure 

A fresh aerosol of 100 nm radiolabeled carbonaceous particles was produced for 

every subject using a Technegas GeneratorTM (Figure 1). 

The subjects were instructed to inhale aerosol in deep and slow breaths with a breath 

hold. Mean deposited activity was 26 MBq (±11). The specific activity of each 

aerosol was calculated as activity deposited on a 0.2 µm pore-size membrane filter TF 

(PTFE) (Pall Corporation) divided by the aerosol volume sampled through the filter.  

Measurement of retention and clearance 
Activity in the chest region was measured with the subject in a supine position, 

immediately after aerosol inhalation and after 2, 24, 46 and 70 h (Figure 2). In the first 

three measurements, planar images were performed with a gamma camera (TRIAD 
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XLT 20, Trionix, Twinsburg, OH, USA), and the subsequent measurements were 

made with a whole body scanner with NaI detectors (Harshaw, Paris, France) [13].  

Deposition fraction is defined as deposited activity divided by inhaled activity. The 

deposited activity is inhaled activity minus exhaled activity.  

A whole-lung region of interest (ROI) was placed around the borders of each lung. 

Retention was computed from combined counts of left and right whole-lung ROIs. 

Estimates of leaching 
Activity leached from the particles was estimated with two methods, (1) on aerosol 

particles collected on a filter; and (2) measurement of activity in urine.  

After exposure, the particles of the remaining aerosol in the flexible bag were 

collected on a 0.2 µm pore-size membrane filter TF (PTFE). Leaching studies of each 

aerosol were performed using the membrane filter with the collected particles, 

mounted in an open filter holder between two 0.025 µm pore-size nitrate cellulose 

filters (Schleicher & Schuell, Dassel, Germany) forming a sandwich tightly closed at 

its perimeter by the filter holder. The filter sandwich was submersed in 1 L of 0.9% 

NaCl solution. At 0.3, 1.5, 21, 45, and 70 h, the filter sandwich was temporarily 

removed for activity measurement in the solution. 

The second estimate of leaching was performed by measuring activity in urine from 

the subjects [14, 15] sampled during the first 24 h after exposure.  

Subjects 
Fifteen subjects, including 6 healthy non-smokers, 5 subjects with asthma symptoms 

and 4 asymptomatic smokers (9 men and 6 women; 46-74 years old) participated in 

this study. Median pulmonary function values (FEV1/FVC) was for healthy subjects 

83 (range 74-86), for asthmatics 78 (56-82) and for smokers 78 (52-85). There were 
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no significant differences in pulmonary function between healthy and affected lungs 

(p=0.166). 

Statistical analysis 
Statistical analysis was performed using SPSS 11.5 for Windows (Chicago, IL, USA). 

Values are presented as mean and standard deviation unless otherwise stated. 

Results 
Particles 
The aerosols had a count median diameter (CMD) of 98 nm (before inhalation 87 nm, 

after inhalation 110 nm), a geometric standard deviation (GSD) of 1.7 (1.7�1.7), and 

the number concentration was 1.5 x 106 cm�3 (2.2 x 106 � 0.9 x 106) (Figure 3). 

Retention, clearance and pulmonary deposition 

Lung retention at 24, 46 and 70 h was 99% (±3.0-10.4) (Figure 4). No activity could 

be detected in the liver or thyroid during the 1st and 2nd day. The deposition fraction 

was 41% (±10). Median value for tidal volume during exposure was 1.8 L (range 0.8-

3.3). 

Leaching 

Leaching data are presented in Figure 5. Cumulative leaching from particles at 70 h 

was 2.6% (±0.96). Activity leaching in urine was 1.0% (±0.55) during the first 24 h. 

In contrast, leaching from particles produced with the standard Technegas 

GeneratorTM method was 11% within 24 h (Figure 5). Individual leaching did not 

correlate to individual retention. 

Discussion  
We have shown that inhaled 100 nm carbonaceous particles largely remain inside the 

lungs for >3 days. Except radiotracer leaching (1%) the particles do not show 
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significant clearance from the lung during the 70 h observation period. If translocation 

occurred it had been below the detection limit of our experimental approach. There is 

a possibility that inhaled particles may translocate into the pulmonary interstitium 

without reaching the circulation [16]. Other methods are required to make this 

distinction in particle location. 

In this study, we were able to produce aerosols of ultrafine carbonaceous particles 

labeled with 99mTc isotopes. Particle coagulation was greatly reduced, which is clear 

from the results of size monitoring before and after particle inhalation. Leaching 

estimates were assessed for all exposures. Results on retention, activity in urine, and 

leaching from particles indicate limited leaching of activity. 

Lung retention was measured for 70 h with very sensitive detectors, which 

corresponds to a 3300 fold natural decay of 99mTc-activity. We think this can explain 

the uncertainty seen in the measurement at 70 h. 

This study shows that a convenient way to study ultrafine particles in the human lungs 

is to use radiolabeled particles, such as particles generated with the Technegas 

GeneratorTM. The standard use, however, has limitations. Presence of oxygen during 

particle generation produces pertechnetate (99mTcO4�), which instantaneously leaches 

off the labeled particles in body fluids [17-19]. Pertechnetate assembles in the thyroid 

and is excreted with urine within days [14, 15]. This may contribute to the results 

interpreted as translocation in the study by Nemmar et al. [11] in which thyroids and 

bladder was visible in the whole body scan. Particle-bound 99mTc, on the contrary, 

accumulates in the liver and only a limited amount is found in the bladder [20]. 

Another problem with the standard method is that particle size grows rapidly due to 

large coagulation rates. Primary Technegas particles are 5�20 nm but coagulate to a 

median diameter of >100 nm within minutes, if not diluted into filtered air [21-23].  
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No retention results are reported in the study by Nemmar et al. [11] but they found 8% 

of the inhaled activity in the liver almost immediately after inhalation when using 

comparable particles produced with a Technegas GeneratorTM under standard 

conditions. We found no activity in the liver immediately after exposure or at day 2. 

This can be due to sensitivity problems since only a few percent of the activity 

escaped from the lung in our study. Their results, however, present evidence of 

leaching activity from the particles, and it is not clear whether the activity in the liver 

is bound to primary carbon particles or plasma proteins.  

Another human study reporting declining retention values was performed by Brown et 

al [24] who assessed lung retention in healthy and COPD patients. The ultrafine 

carbon particles were generated using a commercially available generator, arcing 

between graphite electrodes under a high purity argon atmosphere. One day after 

deposition lung retention was 86%, but since leaching from the particles were 

substantial (23%), 24 h retentions were corrected based on measured in vitro leaching 

of label from the particles. Another difference from our study is that the subjects 

inhaled smaller particles (60nm) under realistic resting breathing conditions (i.e. not 

deep breathing with breath holding), which may have resulted in a greater fraction of 

particles depositing on bronchial airways, i.e. particles that might clear by mucociliary 

clearance. 

We did not examine particle bound and free activity in blood samples in the present 

study. This would have added valuable information about possible translocation. It is 

however uncertain if the low amount of translocated activity seen in our study was 

sufficient to be detected in the blood. In a recent study by Mills et al [25] humans 

were exposed to 108 nm Technegas particles produced with the standard method. 

Retention was measured for a shorter time period than in our study; at the last 
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measurement at 6 h retention was 95.6%. In vitro leaching from the particles was 

slightly higher; 5% after 6 h vs. 2.6% after 70 h in our study. Besides retention they 

also measured blood activity and performed thin layer chromatography similar to the 

approach of Nemmar et al, but contrary to Nemmar et al finding the small amount of 

blood-borne Tc was unbound. Mills et al conclude that translocation of particles from 

the lungs to the circulation is negligible, a result confirmed by our study. 

In an animal study by Kreyling et al. [16] using 192Ir particles, the fraction of 

translocated particles from the lung to extrapulmonary organs was only <0.002 and 

0.001 for deposited 15 nm and 80 nm particles, respectively. The 192Ir particles did not 

leach and Kreyling et al.�s results are in agreement with our findings.  

Conclusions 
There is no evidence of a quantitatively important (mass-based) translocation of 100 

nm particles to the systemic circulation from neither healthy nor affected lungs. We 

therefore challenge earlier studies stipulating a rapid and substantial uptake of 

ultrafine particles; their results may be a result of technical shortcomings. 

More research is needed to establish if the about 1% cleared activity originates from 

leached activity or insoluble translocated particles, and whether a few percent 

translocated particles is sufficient to cause harmful effects. The hypothesis that 

systemic access of ultrafine insoluble particles may generally induce adverse reactions 

in the cardiovascular system and liver, leading to the onset of cardiovascular disease, 

requires further detailed and differentiated consideration. 
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