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 21 

Abstract (150 words) 22 

Alveolar and tracheobronchial-deposited submicrometer particle number and surface area data received 23 
by different age groups in Australia are shown. Activity patterns were combined with microenvironmental 24 
data through a Monte-Carlo method. Particle number distributions for the most significant 25 
microenvironments were obtained from our measurement survey data and people activity pattern data from 26 
the Australian Human Activity Pattern Survey were used.  27 

Daily alveolar particle number (surface area) dose received by all age groups was equal to 28 
3.0×1010 particles (4.5×102 mm2), varying slightly between males and females. In contrast to gender, the 29 
lifestyle was found to significantly affect the daily dose, with highest depositions characterizing adults. The 30 
main contribution was due to indoor microenvironments.  31 

Finally a comparison between Italian and Australian people in terms of received particle dose was 32 
reported; it shows that different cooking styles can affect dose levels: higher doses were received by Italians, 33 
mainly due to their particular cooking activity. 34 

 35 
Keywords: Tracheobronchial particle deposition, Alveolar particle deposition, Ultrafine particle exposure, 36 
Time activity pattern, Monte Carlo method. 37 
 38 

Capsule: Alveolar and tracheobronchial-deposited submicrometer particle doses, in terms of number and 39 

surface area, were evaluated through a Monte Carlo method for different age groups population in Brisbane, 40 

Australia and compared to previously published Italian data. 41 

 42 
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1. Introduction 1 

Scientific interest in ambient aerosols has increased significantly in the past few years since 2 

epidemiological and toxicological studies indicated that inhalation and subsequent deposition of particles 3 

into the lungs induced adverse health effects (Pope and Dockery, 2006; Schmid et al., 2009). Indeed, the 4 

harmful potential of particles is related to their ability in crossing human respiratory system, depositing in its 5 

deepest and most defenseless regions of the lung and carrying with them a number of toxic compounds. 6 

Furthermore, particles are produced by several indoor and outdoor sources leading to large doses in every 7 

kind of people’s lifestyle. 8 

In order to perform an exhaustive assessment of particles’ impact on human health, both medical and air-9 

quality expert contribution is required as different aspects need to be better investigated. In particular, 10 

epidemiological researchers are focused on finding correlations amongst particulate matter (PM) 11 

concentrations and increased morbidity and mortality (Salvi, 2007), whereas toxicologists are performing 12 

either experimental in vivo and in vitro exposure tests of various (mostly respiratory tract) cells or tissues to 13 

diverse types of PM (Brown et al., 2005; Phalen et al., 2006). Moreover, air-quality experts are either 14 

investigating particle formation phenomena and characterizing particle concentration levels in several indoor 15 

and outdoor microenvironments (Cass et al., 2000; See and Balasubramanian, 2006). Results of such 16 

research should be able to better clarify which particle size, assumption rate, and chemical component is 17 

mainly related to negative effect on human health, although at present, no definitive results have been 18 

reported. In terms of particle size, the scientific interest is moving from particle mass concentrations (PM10 19 

or PM2.5) to surface area (Giechaskiel et al., 2009) and particle number (Franck et al., 2011) concentrations 20 

whose prevalent contribution is due to submicrometer and ultrafine particles (UFPs). Concerning the 21 

chemical composition, a number of studies used to relate particles’ toxicity to the presence of metals and 22 

compounds surrounding the particle (Eiguren-Fernandez et al., 2010), nonetheless, other studies are mainly 23 

focused on the carbonaceous core effect (Soto et al., 2008, Janssen et al., 2011). Finally, as regard the 24 

assumption rate, a number of authors is more confident that short term fluctuations aerosol concentrations 25 

can increase human morbidity and mortality (Brugge et al., 2007; Strak et al., 2010), whereas other 26 

researchers showed that mortality is mainly due to long term chronic exposure (Miller et al., 2007). 27 

Dose-response relationship represents one of the main goal of toxicological study (Sayes et al. 2007) 28 

which could determine a threshold particle dose value; therefore, in order to compare personal particle dose 29 

to such threshold, a representative dose evaluation (approaching as much as possible the actual exposure) 30 

needs to be carried out. This is a crucial aspect, which could be ideally solved only through personal 31 

samplings able to measure particle concentrations (for all the particle metrics: number, surface area and 32 

mass) received by people in every resided microenvironment during a typical day. Actually, from a 33 

regulatory point of view, the only approach for estimating human exposure to airborne particles in the 34 

Western countries is the measure of a daily average mass-based concentration (PM10, PM2.5) at an outdoor 35 

fixed sampling point (FSP). The number and position of such FSPs is only recommended as a function of the 36 

number of people, without any link to geographic and microclimatic characteristics; therefore, measurement 37 
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data of a FSP should be representative for the entire population living nearby (Directive 2008/50/EC; NEPC 1 

1998, 2003; US EPA, 2006). Nonetheless, the actual exposure evaluation represents a more complex 2 

problem because: a) FSP data are not representative of a real outdoor exposure because of the high particle 3 

concentration decay with respect to distance to the source (Buonanno et al., 2011a); b) outdoor exposure 4 

represents only a fraction of personal integrated exposure since individuals also move through multiple 5 

indoor microenvironments (Buonanno et al., 2009); c) no air quality standards considering other particle 6 

metrics (number and surface area) are defined. In conclusion, basic information on air quality monitoring 7 

data and time activity patterns are not sufficient to policy-makers in developing accurate exposure profile, 8 

identifying the major contributors to human exposure, recognizing the people’s groups at highest risk, and 9 

developing appropriate risk reduction measures. Thus, the integrated exposure or integrated dose of the 10 

people was not successfully estimated.  11 

In our previous works (Buonanno et al., 2011b), daily alveolar- and tracheobronchial-deposited particle 12 

number and surface area concentrations for Italian and Australian people of different age groups by 13 

developing a numerical methodology based on Monte Carlo method were independently evaluated. 14 

Moreover, exposure profiles of people as function of different commuting and behavior patterns were also 15 

performed. This work represented a specific population based study, so the results would be very different 16 

when considering people living in other countries showing a completely different lifestyle. 17 

Therefore, the aim of the present paper was to apply the methodology proposed in Buonanno et al., 2011b 18 

to different population age groups in Brisbane, Australia. Actually, preliminary results of the Australian 19 

case-study were reported in the Metrology Society of Australia Conference Proceeding (Buonanno et al., 20 

2011c). Therefore, in the present paper the study was widened and deepened in order to: i) provide 21 

quantitative information on the levels of sub-micrometer particles in terms of particle number and surface 22 

area concentrations in 25 smoke-free microenvironments in Brisbane, Australia; ii) estimate the daily 23 

alveolar- and tracheobronchial-deposited particle number and surface area dose for people of different age 24 

groups on the basis of the Australian time activity patterns (Australian Bureau of Statistics, 2010); iii) 25 

identify the activities having the highest important contribution to the global average daily dose; iv) compare 26 

sub-micrometer particle dose received by people having different lifestyles as Italian and Australian ones. 27 

 28 

2. Methodology 29 

In order to estimate the daily tracheobronchial- and alveolar-deposited fraction of airborne particles, a 30 

statistical procedure was performed. It is based on the following aspects: i) matching the locations where 31 

each exposed person spent time, in particular average time spent in each location (microenvironment) has to 32 

be identified; ii) verifying particle number size distributions whom people are exposed to in each location; 33 

iii) determining the proper inhalation rates as a function of the age and specific activity levels of the exposed 34 

population; iv) estimating the fraction of inhaled particles deposited in the respiratory track. 35 
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As regard the evaluation of the Australian daily time activity patterns, data were obtained on the basis of a 1 

customized report of the Australian Bureau of Statistics (2010). 2 

In the indirect exposure assessment approach (Klepeis, 2006), the daily number (N) or surface area (S) 3 

alveolar-deposited dose for each age group (δA,x) can be evaluated using the following equation: 4 

   
 





       
   

 
n

A,x activity A activity j0
j 1

dx D
IR IR ,D dD T

dD
     (1) 5 

where x stands for particle number (N) or surface area (S) concentration, IRactivity is the inhalation rate of each 6 

age group depending on the human activity, φA(IRactivity,D) is the fractional alveolar deposition depending on 7 

inhalation rate and particle diameter, dx(D)/dD is the particle number size distribution for each 8 

microenvironment (also termed location hereinfater) and Tj is the time spent for an activity in a defined 9 

location. The same methodology can be applied to evaluate the daily number or surface area 10 

tracheobronchial-deposited dose for each age group (δTB,x) by considering the corresponding fractional 11 

tracheobronchial deposition φTB(IRactivity,D). 12 

Thus, the eq. (1) is applied to the different daily activities (j=1…n) carried out by each age group 13 

(male/female 15-18 years, 19-40 years, 41-65 years and older than 65 years): the authors point out that 14 

different activities can be performed in the same microenvironment. 15 

In order to evaluate the second term of eq. (1) a Monte Carlo-based statistical approach was applied 16 

(details are reported in our previous work Buonanno et al., 2011b), in particular, the following inputs are 17 

required by the algorithm: a) inhalation rates applied for the different activities and age groups; b) fractional 18 

deposition in regions of the respiratory tract, for each microenvironment; c) number-based particle 19 

distributions, for each microenvironment. 20 

Inhalation rates for the different activities and age groups were adopted on the basis of the US EPA 21 

approach (US EPA, 2009): they range from 0.3 m3 h-1 (children and young people during sleeping and 22 

resting) to 2 m3 h-1 (adults during sport activities). Details are reported in Buonanno et al., 2011b. 23 

Particle properties, airways dimensions, and breathing patterns represent the parameters allowing for 24 

evaluating the fraction of inhaled particles deposited in the respiratory system. The International 25 

Commission on Radiological Protection dosimetry model (ICRP, 1994) was applied by the authors to 26 

estimate the alveolar and tracheobronchial deposition. To determine the amount of particle number and/or 27 

surface area deposited per cubic centimeter of air inhaled, particles’ number and/or surface area were 28 

multiplied by the deposited fraction (DF) (ICRP, 1994) evaluated for the midpoint diameter of each dlogD 29 

interval. In order to obtain the functional relationship between particle diameter and alveolar and 30 

tracheobronchial deposition, the authors interpolated the data from (ICRP, 1994), in the form of piecewise 31 

cubic Hermite interpolating polynomials (Kahaner et al., 1988) of φA(IRactivity,D) versus logD, for each 32 

activity selected. In particular, for the evaluation of the fractional depositions in regions of the respiratory 33 

tract, normal nose breathing was considered. 34 

A further information needed to estimate the dose is the number-based particle size distribution 35 

characteristics of the different microenvironments whom different age groups are exposed to. In order to 36 
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apply eq.(1), we use the number based particle size distributions limited to the range 5-1000 nm, without 1 

considering the coarse fraction. In Table 1, lognormal distribution parameters (mode, standard deviation, 2 

total particle number) for each microenvironment are reported, as well as the maximum (Nmax) and a 3 

minimum (Nmin) total particle number concentration value. Highest particle number concentration (and, 4 

hence, distribution) values were measured during cooking activities, some working activities and 5 

transportation. In Table 1, our measurement data are compared to the ones found by other researchers. 6 

Through these inputs, the authors performed a Monte Carlo simulation (Hammersley and Handscomb, 7 

1964) to generate both particle size number distributions and daily time activity patterns; in particular: 8 

 for each activity, a sample of 100 particle number distributions was generated accordingly to a random 9 

distribution between the minimum and maximum values for the corresponding microenvironment; 10 

 for each age group, a sample of 106 daily time activity pattern combinations were generated following a 11 

Gaussian distribution. Among these combinations, a sub-sample was chosen with the constraint that the 12 

total daily time was equal to 24±0.5 hours. Then, each sample activity time combination belonging to the 13 

sub-sample was normalized to 1440 min (major details concerning the normalization method are reported 14 

in Buonanno et al., 2011b); 15 

 a random sample of 106 combinations of the generated particle size number distributions and of the daily 16 

time activity patterns was obtained. 17 

On the basis of the 106 different generated combinations, the daily alveolar, δA,x, and tracheobronchial, δTB,x, 18 

number or surface area deposited doses for each age group were finally evaluated. 19 

 20 

3. Results 21 

3.1 Normalized daily time activity patterns 22 

In Table 2 normalized daily time activity patterns for Brisbane, and the corresponding standard deviations 23 

for each age group and gender are reported. The 25 considered activities were categorized according to eight 24 

“macro-activities” as function of the microenvironment (location) were they were performed. Firstly, the 25 

survey data show that the total time spent during indoor activities (referenced in Table 2 as indoor evening, 26 

indoor day, cooking, eating, working) by all age groups considered varied only slightly and was greater than 27 

92%. Time spent at home is comparable to the one measured in Germany (942 min, 65%; Brasche and 28 

Bischof, 2005), US (940 min, 65%; Leech et al., 2002), Canada (950 min, 66%; Leech et al., 2002) as well 29 

as Italy (1000 min, 69%; Buonanno et al., 2011b). For the Australian case, the average value, evaluated by 30 

considering the activities 1, 2, 3, 4, 5, 7, 14, 21, 22 (see to the identification number defined in the caption of 31 

Table 1 and 2) was 1024 min (71%), with women spending more time indoors (generally at home) than men. 32 

The time spent on transportation (referenced in Table 2 as pedestrian & bikes and car & buses activities) for 33 

adults (19-40 and 41-65 years) was lower than 2%. The surveyed age groups engaged mainly in different 34 

primary activities and for the 15-18 age group, the main activities were sleeping and resting (1), audio/visual 35 
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media activities (7), communication associated with recreation and leisure (17) and education activities (20). 1 

For 19-40 and 41-65 year olds, the contribution from studying decreased whereas working time increased.  2 

3.2 Alveolar and tracheobronchial particle number and surface area deposited dose 3 

Figure 1 presents the average daily alveolar- and tracheobronchial-deposited particle in terms of number 4 

and surface area, along with the corresponding standard deviation, according to age group and gender. The 5 

daily alveolar particle number (surface area) deposited for all age groups was 2.8×1010 ± 1.4×1010 particles 6 

(4.1×102 ± 1.9×102 mm2) for males and 3.2×1010 ± 2.2×1010 particles (4.8×102 ± 2.2×102 mm2) for females. 7 

In terms of tracheobronchial deposition, the daily particle number (surface area) deposited from all age 8 

groups was 1.4×1010 ± 6.9×109 particles (1.9×102 ± 9.2×101 mm2) for males and 1.4×1010 ± 4.7×109 particles 9 

(2.1×102 ± 9.2×101 mm2) for females. The average dose is only slightly higher for females, even if the 10 

difference between the two genders was lower than the corresponding standard deviations and, therefore, 11 

was considered not to be significant. Otherwise, more noteworthy is the general increase in dose with 12 

increasing age (from 15 to 65 years), and the subsequent decrease for the elderly (>65 years old). By 13 

comparing the dose received by people of different ages, an important difference (as example, 40% and 54% 14 

in terms of alveolar-deposited particle number for females and males, respectively), was found between 15 

teenagers (age 15-18) and adults (age 19-40; which was the group mainly exposed), as well as between 16 

seniors (>65 years old) and adults (20% and 74% in terms of alveolar-deposited particle number for females 17 

and males, respectively). The main reason of such differences turned out to be the different lifestyle of 18 

people during their life, or, more precisely, the different microenvironments where they spend time. In fact, 19 

the differences between the inhalation rates for the different age groups itself cannot explain such remarkable 20 

differences: by normalizing the data with respect to mean inhalation rates as a function of activities for all 21 

age groups (0.64, 0.66, 0.74, and 0.73 m3 h-1, respectively), these differences did not change significantly: for 22 

example, the difference between teenager (age 15-18) and adults (age 19-40) in terms of alveolar-deposited 23 

particle number turn into 38% and 52% for females and males, respectively. 24 

Dose trends as function of gender and age are similar to the one present in Italy (Buonanno et al., 2011b), 25 

however, the actual dose received by people living in Brisbane, Australia is quite different to the dose 26 

received by Italians. For example, in the Italian case-study daily alveolar particle number (surface area) 27 

deposited for all age groups was 1.4×1011 ± 1.5×1010 particles (2.3×103 ± 4.2×102 mm2) for males and 28 

1.4×1011 ± 1.5×1010 particles (2.5×103 ± 4.1×102 mm2) for females, respectively. 29 

Dose values for the Australian and Italian case-study clearly show that adults receive a higher particle 30 

number and surface area deposition in their lungs with respect to other ages. In particular, the Italian case 31 

study (where data for people younger than 15 years old are also reported) show that children receive lower 32 

dose levels. This could be considered a positive aspect since physiological research has shown that particle 33 

exposure of developing lungs can permanently affect the lungs themselves, in particular early life exposure 34 

to UFPs can result in persistent alterations in distal airway architecture that is characterized by an initial 35 

decrease in airway cell proliferation (Lee et al., 2010). Nevertheless, absolute dose could be a misleading 36 
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parameter when a comparison amongst age groups showing different the air-tissue interface (alveolar surface 1 

area exposed to air) in the alveolar region of the lung are considered. In fact, after their birth children’s 2 

alveolar surface area keeps growing (from 2.8 m2 at birth) reaching a maximum value at the age of 20 (when 3 

it is about 75 m2) (Dunnill, 1962; Thurlbeck, 1982). Therefore, a lower absolute particle dose in children can 4 

anyhow lead to a higher deposited particle “density” in the alveolar region. To this purpose in Figure 2 the 5 

average daily doses (in terms of alveolar-deposited particle number and surface area) as a function of age 6 

group and gender, for both Italian and Australian case-study, normalized to the air-tissue interface data 7 

obtained from Dunnill (1962) and Thurlbeck (1982) are reported. Figure 2 data clearly show that whatever 8 

the metrics (number vs. surface area) and the gender (male vs. female) were considered, the deposition trend 9 

normalized to the actual available air-tissue interface is completely different from the absolute one: in 10 

particular, infants received the highest “specific” particle number deposition among the considered 11 

population age groups and a “specific” particle surface area deposition higher or equal to the one 12 

experienced by working adults (age 19-65). Summarizing, infants (and children) are exposed to the high 13 

normalized doses (deposited particle “density”) in the period of their life during which it could be more 14 

dangerous from a physiological point of view. 15 

Concluding, Figure 2 also confirms the aforementioned higher dose received by Italian people with 16 

respect to the Brisbanians. By comparing time activity patterns typical of Italian (see Buonanno et al., 17 

2011b) and Australian, differences not sufficient to justify the significantly different doses were found. 18 

Therefore, the main reason of such significant difference can be addressed to the different exposure levels in 19 

Italian and Australian microenvironments; in particular, Italian particle concentration levels significantly 20 

higher than the Australian ones were measured during eating, cooking and working activity (see Buonanno et 21 

al., 2011b). As example, looking at cooking activity, the total concentration values measured by He et al., 22 

2004 (see Table 1) for the Australian case-study range between 0.4×105 and 2.7×105 part. cm-3, whereas for 23 

the Italian case-study minimum and maximum concentrations of 1.0×105 and 6.9×105 part. cm-3 were 24 

considered, respectively (Buonanno et al., 2011b). Such difference can be addressed to the different cooking 25 

methods, since in Australia are typically used electric stoves whose particle emission factor is lower than gas 26 

stove ones (He et al., 2004; Buonanno et al., 2009). 27 

3.3 Contributions to the alveolar and tracheobronchial particle number and surface area dose 28 

In Figure 3 the contribution to the average daily dose of different activities carried out by each age group 29 

is reported. For example, the average contributions to alveolar deposited number and surface area from 30 

indoor microenvironments were equal to 85% ± 1.7% and 90% ± 2.6%, respectively. In order to better 31 

discuss such contributions, the authors also refer to the “dose intensity” parameter (introduced by Wang et 32 

al., 2011), defined as the ratio of the daily dose contribution and the daily time contribution. When analyzed 33 

in terms of dose intensity, contributions to alveolar deposited number and surface area from indoor 34 

microenvironments ranged between 0.9 ± 0.03 and 1.0 ± 0.04: such average dose intensity of indoor 35 

microenvironments is quite low, clearly highlighting that the long duration of time spent in these 36 
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environments accounts for the high contribution to daily total deposition. As example, particle number and 1 

surface area alveolar dose intensities for the age groups investigated are reported in Figure 4. Here is clearly 2 

shown how other significant microenvironments in terms of dose contribution are the transportation ones: in 3 

fact, even though the average contribution to alveolar deposited number and surface area was quite low, the 4 

dose intensity varied between 5.3 ± 3.7 and 2.9 ± 1.7, which is higher than the one received in indoor 5 

microenvironments. 6 

As regards the contribution of single human activities to overall dose, the age group effect was also 7 

recognized. For 15-18 years, the following activities contributed to alveolar particle number deposition by 8 

more than 10%: sleeping (16%), eating/drinking (after cooking) (14%) and audio/visual media time (15%). 9 

Similar values were found for tracheobronchial number deposition. In terms of alveolar and tracheobronchial 10 

surface area deposition, the highest contribution came from the cooking and eating combined (44%). These 11 

values show that particles generated from cooking activities represent a critical exposure, with a dose 12 

intensity higher than 10. Similar values were measured for people >65 years, with cooking and eating 13 

contributing 34% and 36% to alveolar and tracheobronchial particle number deposition, and 32% and 31% 14 

for alveolar and tracheobronchial surface area deposition, respectively. 15 

 16 

4. Conclusions 17 

In order to give an exhaustive answer about how much the lifestyle can affect the dose received by 18 

people, a population based study was performed on different age groups in Brisbane (Australia) and 19 

compared to our previous results regarding Italian people. In particular, alveolar and tracheobronchial-20 

deposited (dose) particle number and surface area received by people were evaluated through a Monte Carlo 21 

method simulation taking into account activity pattern data and micro-environmental data (human activities 22 

and particle number distributions). 23 

Results concerning alveolar and tracheobronchial dose values in terms of particle number and surface 24 

area (evaluated on daily basis) show that females receive higher doses than males. This difference should be 25 

not addressed to the “gender effect”, but it can be explained through the different lifestyle between female 26 

and male: females spend more time in indoor environments where higher exposure levels are experienced.  27 

As regards the age, we found that adults (in particular, people age 19-40) received considerably higher 28 

doses than teenagers (age 15-18) and seniors (>65 years old). Anyway, such “age effect” is completely 29 

ascribable to the different lifestyle too, since the different inhalation rates, characteristics of the different age 30 

groups and performed activities, were found to have a negligible effect on doses. 31 

The reason of the significant of the “lifestyle effect” on received particle doses is due to the different 32 

particle exposure levels experienced in different microenvironments. In particular, highest dose intensities 33 

were found during cooking activities and transportations (both indoor, car and bus, and outdoor, pedestrian 34 

and bike). The effect of the particle exposure levels on doses received is also highlighted by the comparison 35 

between Italian and Australian particle deposition: higher doses are received by Italian people with respect to 36 
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the Australians mainly because in Italy particle concentration levels are significantly higher than the 1 

Australian ones in particular during eating, cooking and transportation activities. 2 

Finally, we point out that the absolute dose values can be misleading in the evaluation of a particle dose-3 

response relationship. In fact, when the analysis of the particle deposition as function of the available air-4 

tissue interface for different age groups is considered, infants and children (typically receiving a lower 5 

absolute dose) turned out to be exposed to normalized doses (deposited particle “density”) higher than the 6 

ones experienced by working adults. This could represent a critical aspect since such high exposure 7 

coincides with the period of their life during which it could be more dangerous from a physiological point of 8 

view. 9 

 10 
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Table 1 – Maximum and minimum particle number distributions, in terms of lognormal functions parameter (mode, 
standard deviation, and total concentration), applied in the different microenvironments were the 25 activities were 

performed.  
Activity identification numbers: Sleeping (1), Personal hygiene (2), Eating/drinking (3), Housework (4), Food and drink 
preparation/cleanup (5), Purchasing goods and services (6), Audio/visual media (7), No activity (8), Car (9), Bus (10), 
Walking or bicycle (11), Motorcycle (12), Grounds/animal care (13), Child care activities (14), Home maintenance + 
Household management (15), Games/hobbies/arts/crafts (16), Communication associated with recreation and leisure 

(17), Main job (non sedentary job) (18), Other job + job search (sedentary job) (19), Education activities + Attendance 
at educational courses (20), Homework/study/research (21), Domestic activities (22), Sport and outdoor activity (23), 

Voluntary work and care activities (24), Social and Community interaction (25). 

Microenvironemnt 
(activities) 

Modemax 
(Modemin) 
nm 

Standard 
deviation 
σmax (σmin) 

Nmax (Nmin) 
part. cm-3 

Our measurement 
survey data 

Other references 
(average particle number 
concentration, part. cm-3) 

Indoor evening & 
night (1) 

55 (70) 2.0 (2.2) 
8.0×103 
(4.0×103) 

Morawska et al., 2001; 
Morawska et al., 2003 

Zhu et al., 2005 (9.0×103) 

Indoor day (2, 4, 6, 7, 
8, 14, 15, 16, 17, 20, 
21, 22, 24) 

41 (48) 1.8 (2.0) 
1.2×104 
(8.0×103) 

Morawska et al., 2001; 
Morawska et al., 2003; 
Morawska et al., 2009a 

Fromme et al., 2007 
(1.2×104) 

Outdoor day (13, 23, 
25) 

35 (48) 1.7 (2.0) 
1.5×104 
(8.0×103) 

Morawska et al., 2001; 
Morawska et al., 2002 

Shi et al., 1999 (2×104); 
Mejìa et al., 2007 (1×104) 

Cooking (5) 65 (70) 1.9 (2.0) 
2.7×105 
(4.0×104) 

He et al., 2004 
See and Balasubramanian, 
2006 (7.7×105); 

Eating (3) 95 (100) 1.7 (1.9) 
1.0×105 
(2.0×104) 

He et al., 2004 
Dennekamp et al., 2002 
(6×104) 

Working (18, 19) 35 (50) 1.8 (2.2) 
8.0×104 
(1.1×104) 

Buonanno et al., 2011d 
Morawska et al., 2009b 

Elihn and Berg, 2009 
(1.0×105) 

Pedestrian & bikes 
(11, 12) 

30 (45) 1.7 (1.9) 
9.0×104 
(3.0×104) 

Hitchins et al., 2000; 
Morawska et al., 1999 

Berghmans et al., 2008 
(4×104); 
Kaur et al., 2007 (8×104) 

Car & Buses (9, 10) 35 (50) 1.8 (2.0) 
7.2×104 
(2.5×104) 

Hitchins et al., 2000; 
Morawska et al., 1999 

Kaur et al., 2007 (6×104) 

 
Table 2 - Daily time activity patterns (min), normalized to 1440 min, and corresponding standard deviations for each 

age group and gender, by considering the 25 activities classified in eight microenvironments.  
Activity identification numbers: Sleeping (1), Personal hygiene (2), Eating/drinking (3), Housework (4), Food and drink 
preparation/cleanup (5), Purchasing goods and services (6), Audio/visual media (7), No activity (8), Car (9), Bus (10), 
Walking or bicycle (11), Motorcycle (12), Grounds/animal care (13), Child care activities (14), Home maintenance + 
Household management (15), Games/hobbies/arts/crafts (16), Communication associated with recreation and leisure 

(17), Main job (non sedentary job) (18), Other job + job search (sedentary job) (19), Education activities + Attendance 
at educational courses (20), Homework/study/research (21), Domestic activities (22), Sport and outdoor activity (23), 

Voluntary work and care activities (24), Social and Community interaction (25). 

FEMALE MALE 

Microenvironment (activities) Age 15-18 Age 19-40 Age 41-65 Age >65 Age 15-18 Age 19-40 Age 41-65 Age >65 

Indoor evening & night (1) 504±62 403±16 409±21 456±27 541±82 434±12 436±13 488±22 

Indoor day (2, 4, 6, 7, 8, 14, 
15, 16, 17, 20, 21, 22, 24) 

741±187 729±81 677±86 717±97 678±207 572±57 558±52 664±76 

Outdoor day (13, 23, 25) 57±34 42±23 56±25 74±30 65±38 45±23 57±25 98±35 

Cooking (5) 14±2 46±2 64±4 78±5 8±1 20±1 26±1 49±2 

Eating (3) 83±12 72±3 90±5 113±7 90±16 72±2 91±3 119±6 

Working (18, 19) 32±20 130±7 129±8 3±2 47±30 264±9 244±8 19±12 

Pedestrian & bikes (11, 12) 3±0 5±0 5±0 0 3±1 10±0 9±0 1±0 

Car & Buses (9, 10) 5±1 9±0 8±0 0 6±1 18±1 16±1 3±0 
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Figure captions 

 
Figure 1 - Average daily dose with the corresponding standard deviations as a function of age group and gender: a) 
alveolar and tracheobronchial-deposited particle number, b) alveolar and tracheobronchial-deposited surface area. 
 
Figure 2 – Comparison between Italian and Australian case-study in terms of average daily dose (and corresponding 
standard deviations) as a function of age group and gender normalized to the air-tissue interface (alveolar surface area, 
m2): alveolar-deposited particle number (part. m-2), b) alveolar -deposited surface area (mm2 m-2). 
 
Figure 3 - Contributions to daily activity patterns, average daily alveolar and tracheobronchial particle number and 
surface area deposited of the different human activities carried out by the age groups investigated. 
Activity identification numbers: Sleeping (1), Personal hygiene (2), Eating/drinking (3), Housework (4), Food and drink 
preparation/cleanup (5), Purchasing goods and services (6), Audio/visual media (7), No activity (8), Car (9), Bus (10), 
Walking or bicycle (11), Motorcycle (12), Grounds/animal care (13), Child care activities (14), Home maintenance + 
Household management (15), Games/hobbies/arts/crafts (16), Communication associated with recreation and leisure 
(17), Main job (non sedentary job) (18), Other job + job search (sedentary job) (19), Education activities + Attendance 
at educational courses (20), Homework/study/research (21), Domestic activities (22), Sport and outdoor activity (23), 
Voluntary work and care activities (24), Social and Community interaction (25). 

 

Figure 4 - Alveolar deposited particle number and surface area dose intensity received by the age groups investigated in 
the eight microenvironment: a) alveolar deposited particle number dose intensity; b) alveolar deposited particle surface 
area dose intensity. 
Activity identification numbers: Sleeping (1), Personal hygiene (2), Eating/drinking (3), Housework (4), Food and drink 
preparation/cleanup (5), Purchasing goods and services (6), Audio/visual media (7), No activity (8), Car (9), Bus (10), 
Walking or bicycle (11), Motorcycle (12), Grounds/animal care (13), Child care activities (14), Home maintenance + 
Household management (15), Games/hobbies/arts/crafts (16), Communication associated with recreation and leisure 
(17), Main job (non sedentary job) (18), Other job + job search (sedentary job) (19), Education activities + Attendance 
at educational courses (20), Homework/study/research (21), Domestic activities (22), Sport and outdoor activity (23), 
Voluntary work and care activities (24), Social and Community interaction (25).  

 

 


