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Abstract. The Multiple Path Particle Dosimetry (MPPD) 
model is computer software that estimates and visualizes the 
deposition, clearance, and retention of particles in the 
respiratory tract systems of humans, rats, and other species. 
The mathematical model provides a broad spectrum of 
settings and input options. This research aims to explore the 
MPPD model concept and determine the deposition fraction 
(DF), clearance, and retained mass in the human respiratory 
tract (HRT) based on the geometric mean diameter (GMD) 
and mass concentration (MC) of particulate matter (PM) 
emitted during the 3D printing process. We used the real-
time air sample data collected during the 8-hour working 
shift in the 3D printing office. Ultrafine PM deposits mainly 
in lungs (56%), fine PM mostly deposits in the upper 
respiratory tract (URT) (41%) and lungs (39%), but coarse 
PM mostly deposits in the URT (81%). The biggest DF in 
lower respiratory tract is ultrafine PM (487 μg), the smaller 
DF is coarse PM (185 μg) and the smallest DF is fine PM (123 
μg). The biggest DF in lung for all PM - lower lobes (fine PM - 
60%, ultrafine PM, coarse PM - 61%). In a model, where 
exposure was 5 hours a day, five days a week, during one 

month, followed by one year of post-exposure period, it was 
shown that retained mass in the tracheobronchial (TB) 
region was 1% for ultrafine and coarse PM each, 2% for fine 
PM, and 55% for all PM in the pulmonary region.  
The MPPD software is an easily accessible and valuable tool 
for assessing the impact of PM on the HRT. Particulate 
matter decreasing in diameter, tend to deposit mostly in the 
deeper levels of HRT. Tracheobronchial region clearance is 
more rapid than pulmonary region clearance.  
Potentially for persons using the 3D-printer regularly the 
worst health impact could be associated with smaller size of 
PM, due to tendency deposit mostly in pulmonary region 
where the clearance rate is slower. 
 
Keywords: MPPD model, particulate matter, deposition, 
clearance.  

I. INTRODUCTION  
In recent years, 3D printing technology has increased 

rapidly in various industries, such as medicine, military, 
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sports, food industries, and spacecraft [1] – [4]. Medicine 
is no exception – 3D printing is incorporated into the 
production of patient-specific surgical implants and 
prosthetics, bio-printed tissues, organ transplants, dental 
implants and orthodontic aligners, surgical instruments, 
tools, personalized drug delivery devices [5], [6]. With all 
the potential developments and trends, the future of 3D 
printing looks promising and thrilling. We can expect 
advancements in materials, improved speed, automation of 
the process, increased use in mass production, 
customization, personalization, and sustainability [7 – 10].  

Nevertheless, using 3D printers has also raised 
concerns about the potential respiratory health hazards of 
releasing airborne particles during printing. Multiple 
studies revealed the increased concentration of different 
diameter PM and volatile organic compounds in the air 
samples taken during the printing [11] – [13].  

The open - access multiple path particle dosimetry 
(MPPD v3.04) was used to better understand how 3D 
printer emissions impact the human respiratory system 
[14], [15]. It is a mathematical dosimetry model that aids 
in calculating and visualizing total, regional, lobar, and 
generation–specific deposition and clearance of 
particulate matter. MPPD is free of charge and has a user-
friendly interface that allows the input of various variables 
and scenarios. It is successfully used in research, 
education, and other industries.  Since the first time, it was 
introduced in 1995 by the Hamner Institute for Health 
Science (USA), the MPPD model has been evolving – 
applied to the human lung, the rat lung, and particle 
deposition [16], [17], [18], [19]. The latest model software 
update included improvements and additions in aerosol 
distributions, clearance parameters, species geometry 
models, and visualization of the output files [20]. The 
dosimetry model is a valuable mathematical tool that can 
contribute to environmental toxicology research [21].  

II. MATERIALS AND METHODS 
Originally, the literature review was conducted to 

explore the concept of the MPPD model. The MPPD 
model is one of the most advanced and broadly tested 
dosimetry models. It considers different aerosol deposition 
mechanisms such as inertial impaction, gravitational 
sedimentation, and Brownian diffusion. The input data 
includes such parameters as airway morphometry, inhalant 
properties, exposure conditions, deposition, and clearance. 
In the air morphometry section, the user can choose to 
model the dose metrics of different species – human, 
mouse, rhesus, pig and rabbit. Therefore, the model allows 
intrahuman and interspecies variability. As well as 
provides multiple choices for the lung models – Yeh/ 
Schum, Stochastic, Age – specific, Weibel. It is possible 
to adjust to different scenarios, gender, and age (only for 
children population, three months – eighteen years) by 
changing the functional residual capacity (FRC, ml) and 
upper respiratory tract volume (ml) values. However, there 
is always a possibility to choose the model’s default 
values. In the next section – inhalant properties, the 

program provides multiple preferences for the PM 
characteristics, such as density (g/cm3), diameter (µm), 
geometric standard deviation (GSD), and mass median 
aerodynamic diameter (MMAD). Two scenarios - constant 
and variable exposures - are provided for the exposure 
conditions by the model. In that section, aerosol 
concentration (mg/m3), breathing frequency (x/min), tidal 
volume (ml), pause, and inspiratory fractions can be 
modified. Also, it is possible to select preferred orientation 
and the breathing route – nasal, oral, or combined. MPPD 
retention and clearance modelling is done in a separate 
section and contains such parameters as tracheal mucous 
velocity (mm/min) and lymph node clearance rate 
(1/days). Additionally, exposure time settings: number of 
days with exposure to the specific pollutant and number of 
posts – exposure days. After the calculations, the MPPD 
output data is presented in textual and graphical form. The 
model predicts deposition in the entire respiratory tract, as 
well as based on regions (upper respiratory tract - URT, 
tracheobronchial - TB, alveolar), lung lobes (RU – right 
upper, RM – right middle, RL – right lower, LU – left 
upper, LL – left lower), and by the level of lung 
generations (from the trachea to the deeper lung tissue - 
alveoli). The retention, and clearance values are predicted 
in the tracheobronchial and alveolar regions [14], [16] – 
[24]. Clearance is the process by which deposited particles 
are removed from the respiratory tract. Retention - refers 
to the number of deposited particles present at specific 
respiratory tract sites that remain after the clearance 
processes [27].  

In this study, the main aspects of the MPPD software 
were investigated, and three different diameters of 
particulate matter – ultrafine (PM0.1), fine (PM2.5), and 
coarse (PM10) deposition, retention and clearance were 
modelled in the HRT to explore the possible consequences 
of working with 3D printers. Real-time air measurement 
in the 3D printing premises were used during one working 
shift (8h, including breaks). For the counting of particles 
was used a low-pressure electrical impactor (ELPI+, 
Dekati Ltd). All measurements were done at 1.1 meters 
and as close as possible to the employees' breathing zone. 
The average value of the geometric mean diameter and 
mass concentration were calculated for all three groups of 
PM. We incorporated these two main variables into the 
model for deposition and clearance. For the PM deposition 
predictions, all of the available MPPD output was 
calculated and visualised in the Yeh/Schum lung model. 
For clearance calculations, the default values were used - 
for tracheal mucous velocity 5.5 mm/min, clearance rates 
for the alveolar-interstitial region to the TB region, 
denoted as slow, medium and fast were 0.0001, 0.001, and 
0.02 per day. The lymph nodes clearance rate was 
0.00002/per day. Two scenarios were used for the 
prediction of clearance and retention. The first scenario 
was 5-hour isolated exposure, the average time 3D office 
workers would spend in the 3D printing room, followed by 
a 30-day post-exposure period. The second scenario was 
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when exposure would be five hours a day, five days a week 
for one month, followed by a 1-year post-exposure period.  
The study was approved by the Ethics Committee of Rīga 
Stradiņš University (Nr. 2-PĒK-4/570/2022).  

III. RESULTS 
The biggest deposition fraction of PM in the human 

respiratory tract based on the MPPD model is PM10 - 957 
μg, the smaller is PM0.1 - 569 μg, and the smallest is PM2.5 
- 209 μg. Furthermore, if we are looking at the particulate 
matter deposition based on the HRT regions, then PM0.1 
deposits mainly in the pulmonary region (PU) - 56.2%, 
PM2.5 deposits primarily in the URT - 41.0% and PU 
region - 39.0 %, but PM10 mainly deposits in the URT 
region - 80.6% (Fig. 1). 
 

 
 
Fig. 1. Ultrafine, fine and coarse PM deposition distribution in HRT. 
 

The biggest deposition fraction in the lower human 
respiratory tract (LHRT) is PM0.1 - 487 μg, the smaller DF 
is PM10 - 185 μg, and the smallest DF is PM2.5   - 123 μ 
(Fig. 2). However, in the URT, the biggest DF is PM10 - 
771 μg, the smaller DF is PM2.5   - 86 μg, and the smaller 
PM0.1 - 82 μg. The biggest DF based on the lung lobe 
distribution – for all three PM diameters is in the lower 
lobes: PM0.1 - 60.6%, PM2.5 - 60.4 %, and PM10 - 61.1 %. 
On the other hand, the smallest DF for all of the PM is in 
the right middle lobe: PM0.1 - 8.0 %, PM2.5 - 8.0 %, and 
PM10 - 7.7 %. The peripheral lung region has a higher 
deposition fraction: PM0.1 - 71.3 %, PM2.5 - 70.5 %, and 
PM10 - 61.1 %, than the central lung region. For all 
particulate matter diameters, deposition fraction starts 
progressing on the level of respiratory bronchioles – 17-
19th airway generation and reaches its maximum at the 
level of alveolar sacs – 23rd airway generation.  
 
 
 

 

 
Fig. 2. Deposition Fraction and Mass Deposition rate per area 
visualization of a – PM0.1; b – PM2.5; c – PM10. Species and Model Info 
(Species/Geometry: Human; Breathing route: Nasal; FRC Volume: 
3300.0 ml; Head Volume: 50.0 ml. Breathing Parameters (Tidal Volume: 
625.0 ml; Breathing Frequency: 12x/min; Inspiratory fraction: 0.5; Pause 
Fraction: 0. Particle Properties (GSD: 1.0; Aerosol concentration: 
0.000025 mg/m3).  
 
For the clearance of PM, the first scenario was 5-hour 
isolated exposure, the average time 3D office workers 
would spend in the 3D printing room, followed by a 30-
day post-exposure period. The second scenario is when 
exposure would be 5 hours a day, five days a week, during 
one month, followed by one year of post-exposure period.  
 

 
 
Fig. 3. Ultrafine, fine, and coarse PM retention in the TB region. 
 
In the first scenario, the MPPD model predicted that 
particulate matter retained mass in the TB region would 
be: PM0.1 - 0.7%, PM2.5 - 1.0%, and PM10 - 0.8% and in the 
PU region it would be: PM0.1 - 85%, PM2.5 - 84.7% and 
PM10 - 84.8%. In the second scenario, the MPPD model 
predicted that retained mass in the TB region would be 
PM0.1- 1.2%, PM2.5 - 1.5%, and PM10 - 1.2% (Fig. 3), and 
in the PU region retained mass would be the same for all 
three diameters of particulate matter – 54.5% (Fig. 4). The 
clearance rate of the retained particulate matter for all PM 
sizes in the TB region was initially high and then 
decreased. In contrast, the clearance rate in the PU region 
was consistently low.  
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Fig. 4. Ultrafine, fine, and coarse PM retention in the alveolar region.   

III. DISCUSSION  
The MPPD program is widely used among researchers 

[16] – [19], [21].  
Our results are consistent with previous studies done 

on this matter. They also suggest similar PM deposition, 
clearance, and retention patterns in HRT due to 3D printer 
emissions [20], [23], [26].  

Deposition of the inhaled particulate matter can cause 
inflammation in the different levels and regions of the 
HRT, especially at the sites with maximum deposit [16]. 
Multiple studies showed that long – lasting usage of 3D 
printing could lead to health problems like chronic 
bronchial asthma (COPD) and bronchial asthma (BA) 
exacerbation. As well as non – respiratory symptoms such 
as irritation of eyes and mucus membranes, increased 
blood pressure, and cardiovascular diseases [23] – [25].  

Based on our results, PM0.1 has the highest deposition 
in the pulmonary region. It has a higher probability of 
reaching the alveoli level of the PU and getting absorbed 
through the alveolar epithelium, causing systemic 
inflammation and other organ system and tissue damage. 
It can also trigger the alveolar macrophages migration, 
causing the local inflammation [26].  The MPPD model 
revealed that increased activity level corelates with the 
increase in the total DF [26]. 

Study limitations: airway morphometry data entered 
the program are relevant to the adult person population, so 
the results cannot be applied to all individuals. It was 
impossible to include other pertinent parameters in the 
MPPD model, such as the individual age, medical history, 
and physical activity. Also, it was challenging to 

determine the exact amount of time workers spend in a 
particular with PM polluted 3D printing room during the 
working day. Still, we predicted that workers spend around 
5-hours working in a PM-polluted room. 
   

IV. CONCLUSIONS 
 

The MPPD software is an easily accessible, 
valuable, and widely used tool for assessing the 
impact of PM on the HRT. It is an excellent addition 
to inhalation and in vitro studies. In some cases, it can 
be faster and cheaper and give a broader 
understanding of the deposition, retention, and 
clearance physiology. It is also a great aid in designing 
inhalation exposure and human toxicological studies 
to protect against ambient and occupational 
biological, chemical, and radiological threats. As well 
as facilitate dose metrics for the drugs delivered by the 
inhalation route. 

The smaller size of PM tends to deposit in the 
deeper levels of the human respiratory tract, where the 
clearance rate is poor. Therefore, people working with 
3D – printers for a more extended period and being 
exposed to the printing emission could have a higher 
chance of developing chronic inflammation in the 
respiratory tract and other organ systems or tissue.  
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