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Abstract MENTOR/SHEDS: Source-to-Dose Exposure Analysis Inhalation Dosimetry Models i 9
. . . . . . . = Developed to determine deposition and clearance of
The results of several epidemiological studies suggest that exposure to particulate matter (PM) in ambient The Modeling ENvironment for TOtal Risk (MENTOR) / Stochastic Human Exposure and Dose Simulation Model Attributes radionuclides in occupational setting
air may be associated with an increase in respiratory and cardiovascular morbidity and mortality. Due to (SHEDS) framework facilitates the consistent multiscale, source-to-dose, modeling of exposures to = Standard dosimetry models available to calculate = Semi-empirical model
certain features and their prevalence in ambient air, ultrafine particles (UFP) may contribute to these contaminants for both individuals and populations. particle deposition and retention HUMTRN-based model (CCL)

adverse health effects. Although ambient concentration is what is measured and regulated, the ultimate - MATLAB-based semi-empirical model developed at the

biological response is dependent upon the target tissue dose. MENTOR . — = Both respiratory PM deposition and Advantages/Disadvantages Computational Chemodynamics Laboratory (CCL)
. . . . . . . multimedia/multipathway PBPK = Empirical and semi-empirical models allow for = Variant of the HUMTRN program developed at Los

Inhalatl_on dosimetry plays a key role in determining the link b(-?-tV\_/een en\{lror_w_nental exposure to_alrborne models have been implemented with a sca?ing from individual F';o population level Alamos National Laboratory
contaminants and observed human health effects. Due to the limited availability of human experimental 1 : i flexible design. . Determination of cumulative lifetime risk - Age-dependent inhalation rate and dose
data and the complex nature of exposure-dose-response scenarios, mathematical modeling is an important Individuat and Foputation o EmarmaRoknee = Modules are interactive with databases + Eynansion to “source-to-outeome” framework:
tool in studying th_e mechanisms Wh!Ch dictate the_ inhaled _“dose_n Ngmerous_ fact_ors affect the m_haled T — —— of anatomic and physiological erF>)<ibIe woplications ; Multiple Path Particle Dosimetry (MPPD2) model
dose, and models include an extensive amount of information regarding physiological and anatomical LR el e e parameters = Windows-based program developed at CIIT
parameters. = physiological variability due to » GUI to assign input parameters; age-dependent

. . _ _ IR age, gender, weight, etc. — morphology for less than 21 years of age
An inhalation module was developed at the Computational Chemodynamics Laboratory (CCL) as part of the D T = continuous temporal variability due to = Creates report for deposition (and clearance if
Modeling ENvironment for TOtal Risk (MENTOR) system which accounts for the variation in delivered dose xrrormatios and Modsling physical activity (metabolic available) and associated plots
due to age, gender, and physical activity. Several models are available which determine the deposition of ey — expenditure)

ultrafine particles in the human airways. These model predictions are compared to one another and to
available experimental data.

Deposition of Ultrafine Particles During Rest and Exercise: Evaluation of
Experimental Data and Comparison of Experimental Data to Model PrediCtions e Luna beposiion Fraction o unranne partctes tor voung aduns s veanny eaerry

Inhalation Route: Exposure to Airborne Contaminants ———
‘Biologically oS- Elderly - Exercise |7

= Exposure is the concentration of a chemical at s » Experiments conducted by Jaques & Kim (2000) and Daigle, et al. (2003) compare the deposition of UFPs in adults during rest and osf :3:::2 E:Z‘rcm :
the boundary of the body. Exposure  Pegencel e || [ Torea exercise - the experimental data is then compared to model predictions c vl |

= The anatomy and physiology of the airways : \_/ \_/ = Experimental deposition of UFPs exceeds that predicted by models ‘E '
determines the concentration in inspired air == etatoti = Probability of diffusion increases as particle size decreases | ]

(potential dose) = Diffusional deposition of UFPs (as compared to larger particles) favored in distal airways and alveoli because reduced airflow increases B 051 ’
= Determination of the biologically effective Houth/tiose He residence time in these regions B oal ;
dose is key in risk assessment. - o = Total Deposition Fraction (TDF) varies with breathing pattern % ol ]
* Increase in TDF expected with increased activity level ook ]
FaCtO rs AffeCtl ng Inhaled DOSG = Larger tio!al volume. (V;) should penetrate? deeper into the lung where airway diameter is small and wall surface area is large oal |
. . . . = No gender difference in TDF of UFPs appreciated . . . .
- ) Part.lcle geometry & physicochemical pr-o!oertles = Additional experimental work by Kim & Jaques (2005) shows no significant difference between healthy elderly and young adults 20 40 60 80 100 120
‘ | 5 = Size, shape, surface area, hygroscopicity, Particle Size (nm)
P— A " Chemical CompOSition, Charge, denSity, EﬁmtofrespiratoryFlolwRaiE(Q)oanotal LungDelposition Frantlion of Liitrafine Particle Eﬂm:ofTidalVolun:le(VnonTot?l Lung Deposlition Framion::.f Ultrafine Particles Effﬂ.‘.l;)l HespiratorlyTimEU')oInTotal Lung Deposition Fraction of Liitrafine Particles
£ @i | I solubility os} e s T A0 | o] et o] :EEEEEE E%&L I Comparison of Young Adults to Healthy Elderly to Examine the Effects of Aging on
§| t— 201 " Lung morphology oo} : o} ZvTesomt | o} oo vi-soom. | Ultrafine Particle Deposition
Ry A = Respiratory tract (RT) altered by disease, g o7 § 07} gert Lo VD100, VT 1000 | = Additional measurements of total lung deposition of UFPs performed by Kim &
I]:> favectolen At inflammatory state Eo-e- ,_,%0.6- ufo-ﬁ- /’— : Jaques (2005) on healthy elderly subjects during controlled breathing
E i Sf’hu"_i{_ 1"« Respiration physiology 3o %0.5- %0.5- / ] . Brea?hlng patterns equwalent to resting and an activity slightly above.restlng
e TAR — { i Ll - Ventilation rate, activity level, age, gender 3 2 o ot e " No difference appreciated between healthy elderly and young adult subjects
v o "| = 75 1| = Environmental conditions s} - _ - e
Weibel Model A (1963) = Humidity, temperature, ambient oap 1 oal ; oaf ;
concentration % o P > e ) : : - : o - - - - - References
Parlicle Size (nm) * * Piortiule Size (ang) . b ? ' Hesspiralory Tin?e -T (mo:ds) # *
) ) = Based on experimental data by Jaques & Kim (2000) = Daigle, C. C., D. C. Chalupa, F. R. Gibb, P. E. Morrow, G. Oberdorster, M. J. Utell,
U |traf| ne Part|C|eS: * Increase in TDF expected with larger tidal volume V; (with constant flow rate, Q) due to penetration and M. W. Frampton (2003). “Ultrafine Particle Deposition in Humans During Rest
deeper into the lung where airway diameter is small and wall surface area is large and Exercise.” Inhal Toxicol 15:539-552.
What Are They & Why Are They Important? . DepF())sition by diffugion IS time-dei/)endent and expected to increase with Ionger?esidence time = QOberdorster, G. and M. J. Utell (2002). “Ultrafine Particles in the Urban Air: To
) . ) . ) the Respiratory Tract and Beyond?”” Environ Health Perspect 110(8): A440-441.

" Pgrtlcles are classified according to size or aerodynamic 5 1] No=77x00" [a] 1 Particle Number Deposition Fraction at Rest ,__particle Number Deposiion Fraction During Moderate Exerise = Oberdorster, G., Z. Sharp, V. Atudorei, A. Elder, R. Gelein, W. Kreyling, C. Cox
diameter (AD) and many terms are used interchangeably. oz /'/\‘xn:;r)?m oo oo (2004). “Translocation of Inhaled Ultrafine Particles to the Brain.” Inhal Toxicol
Particles > 100 um are not generally considered as respirable. ég " / \ . 0'8 0'8_ 16:437-445.

PM,, (coarse): AD < 10 um PM, 52 AD < 2.5 um 2g / boNi=0008  No=a2 o Nl = Jaques, P. A. and C. S. Kim (2000). “Measurement of Total Lung Deposition of
Fine, Accumulation Mode: AD < 1 um z F Rt alag £ ool £ oo Inhaled Ultrafine Particles in Healthy Men and Women.” Inhal Toxicol 12:715-731.
Ultrafine, Nuceli Mode: AD < 0.1 um L e S ' . £ *= Kim, C. S. and P. A. Jaques (2005). “Total Lung Deposition of Ultrafine Particles in
Nano: AD < 0.01 um = 5, =535 ] %m %M Elderly Subjects During Controlled Breathing.” Inhal Toxicol 17:387-399.

= UFPs often ignored due to small contribution to overall gt ™ o e S ot S ot = Kim, C. S. and P. A. Jaques (2004). “Analysis of Total Respiratory Deposition of
particle mass 8% 400- jf \ ool O Seaues & Kim 2000y ] wakl O e a i (2000 ] Inhaled Ultrafine Particles in Adult Subjects at Various Breathing Patterns.” Aerosol

= UFPs often present in high numbers in the atmosphere with 22 | &0,/ \ s I | et - I | et _ Sci & Technol 38:525-540.
measured number concentrations as high as 1 x 107 4 / \7’_\ ol L=meet 2 ol L=meet 2
particles/cm3 ! oty W— r * partiote Size tam) e * Particle Size (nm) *

- Anlmal stu_dles sugggst_UFPs induce greater_ airway i = * TDF measured in Jaques & Kim (2000) and Daigle, et al. (2003) studies at rest and during moderate exercise
inflammation than similar mass concentrations of larger e £ /’A\ / » Experimental data compared to model predictions using MPPD2, ICRP, and HUMTRN-based model developed at CCL; Acknowledgements
particles . e e 3g ” \\, [\ experimental conditions used as model inputs _ _ _

= Predominant mechanism of deposition is diffusion; the g . S //v . \/ o = Effect of exercise: Base Funding for the Ozone Research Center is Provided by the State of New Jersey
probability of diffusion increases as particle size decreases = DGV, = 0.031 /nm:las;:-:\‘nm-;;s? =Tidal volume increases to a greater extent than respiratory rate which may favor diffusional deposition Department of Environmental Protection. This work has also been funded in part by

= Smaller particles should be favored in the distal airways and ek o T 7 I ;9 =Effects of exercise important because particle intake may increase 6-8x during exercise based only on the increase in the USEPA-funded Environmental Bioinformatics and Computational Toxicology
alveoli because reduced airflow increases residence times in _ B minute ventilation Center (ebCTC), under STAR Grant # GAD R 832721-010 and by the USEPA-funded
these regions Source: Whitby (1978) Center for Exposure and Risk Modeling (CERM), under Cooperative Agreement # CR-

=Deposition fraction at rest increases as patrticle size decreases
=Deposition fraction during exercise increases as particle size decreases
=Models underpredict the effects of exercise
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