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Introduction

A Early 2000s

I Weight of evidence provided causal link between adverse health effects and
exposure to submicron sized diesel particulates

A Late 2000s

I Mounting evidence of detrimental brain effects from exposure to Ultrafine
particles (UFP)

A Geometrical complexity of UFP

I Structural properties and characteristics

I Exposure assessment in Collins class
A Including results of DST Group measurements

I Risk associated with exposure
A Possible implications on RAN submariner cognition

I Mitigation measures
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Diesel Particulates (DPM)

A Known Human Carcinogen (GrouplARC 2012)

Nonmetal underground mine workers (5670)
Av128.2 ug/n¥EC , 78216 ug/n? EC
ExposureCategory 32¢ 64ug/m3EC, 20y

US military vehicles, maritimsources
Railroad, truck drivers, German potash miners
Lower emissions since 1990s

DPM Filters in US (2007)

.
Emissions from legacy military platforms -

A Collins Class (1990s) exposure assessment (SAMAP 2011)

60¢ 80ug/m3DPM (2% 30 ug/m3 EC)
MSHA (20Qug/m3DPM or 125ug/m3 EC) and BMA (100 ug#&C)
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Chemical Composition

A Organic carbon (OC) where TC=EC+ O

A Polycyclic aromatic hydrocarbons (PAH)
A Carcinogens
A Size and mass distributiohdis)

A Inorganic ions
A Combustion products (NOGO,, SQ) g [”“_“:P*
A Lubricants, fuel catalyst metals, sea salt

A Ultrafine (UFP) and Nanopatrticles N
A Metals are more toxic than PAH R

lons

lon Concartration [V Particle Mass)
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Ultrafine Exposures and Cognitive Deficits
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A Mexico City PM2.5
I Constant 25g/m3
I UFPsource is predominantly vehicular DPM

A Prefrontal cortex is target region
I UFP initiateglisruption ofnasal and olfactory barrie
I Breakdown of BloodBrain Barrier (BBEB)hddeposition of UFP

I Neuroinflammation neurodegenerationAlzheimersand Parkinsons
Disease (PD) neuropathology) in autopsied children and young adults

I CNSlysfunction (memory, executive, emotiprwhite matter lesions,
altered brain structure in children and young adults (MRI)
A Highly exposed adults exhibited poor performance in
cognition but generahtelligence in normatange.
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Transport Mechanism (Post Mortem)

A PMand UFP igells of nasdbarrier
A Transport of UFP Metals on PM to OB neurons

A Translocation of UFP to frontal cortex blood vessels and
neurons

A Redblood cells overloaded with UFP and nanopatrticles
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Exposures to DPM Components

A Black Carbon (EC)
I Cognitive deficits in children (Boston)

A Metals (Mn) used in engine manufacture ¢
I Parkinsond®iseasdike pathology in rats
A Prenatal exposure by PAH (Los Angeles)

I Detrimental effects SO
NN N
I Brain white matter development O
OQQ

I Cognition
I Behaviour In later childhood
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Metrics for Inflammation Response by UFP

A Lunginflammationresponse correlated with ,
not surface areaWitmackin EHP 2007)

A Active surface area instruments use collision cross section
based on adsorption kinetics, not adsorption area

A Surface area related to size of nuclei of agglomerate, not
particle size distribution (PSD)
I Long analysis times-{2days)

A Mass and PSD measurements §
I Real time

A Geometrical complexity and multomponents of UFP
I Size, morphology and composition
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Collins Class UFP Structural Properties

A Fractal and shape dimensions, effective density

A Relationship between mobility and aerodynamic size

A Mobility
I Charge, size, shape

A Aerodynamic
I Drag, inertial, gravitational
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Aerodyanmic equivalent diameter (nm)
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0 50 100 150 200 250 300

Mobility equivalent diameter (nm)

A Determined from measurements of mobility PSD using SMPS
(11 nmc¢ 1um) and size fractionated mass using impactors
I Sioutasand MOUDI N7
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Euro O Engine Mass Size Distributions (MSD)

A Collins Class
I Hedemorav18B/15UB (7.3 L) |
I Mass <0.25 ym (250 nm)  : 7
I Max engine load e

(pa)

600

500 -

A UnimogTruck (1 L)
i MB L6 OM353.939
i Mass <0.25pum (250 )m . 3
I Variable load and Idling 0 —

.

<0.25 0.25-0.5 05-1 1-25 25-10
Particle Size Range (um)

10 - 3. $e . I Be . i 3e . 3 O DST Science and Technology for Safeguarding Australia



UNCLASSIFIED

Typical Particle Size Distributions (PSD)

A MB OM353.939 Euro 0 - A
| Peak 51.3 nm /
I 4 x 10 ctscm3 (Idling)

A Euro 4 Burtscher2005) “ b\

I Mean diameter GeomSD) o e,

Thousands

2500

f
2000 1
1500 /
/

Particle Concentration (Cts/cm3)

I 60 nmc 100 nm 1.4E+13
T W=l
8.0E+12 / \\ e

I Insensitive to engine loa

I No effect of engine size I

dn/d log D [number/kWh]

I Peaks 7@ 80 nm
6.0E+12 1[ \
\

10 100 1000

' No effect of engine type

Fig. 3. Size distributions of diesel agglomerates emitted from a heavy-duty diesel engine. measured on an engine test bench
equipped with a partial flow dilution system. The size distribution can well be approximated by a lognormal distribution. Mean
diameter: 60—100nm. As shown by a large number of measurements with different engines at different operating conditions.
the geometric standard deviation stays fairly constant (Harris and Maricq. 2001, 2002). Depending on fuel. lubricant oil, and
operating and sampling conditions, a second peak in the range 10-20 nm may occur (nucleation mode, see later).
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Effect of Dilution and Load on Mobility Size
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IGURE 2. Particle size distributions [after dilution correction] af selected modes measured with SMPS over five campaigns.
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Morphological Properties, Engine Size and Loac

2.0E+14
120km/h measured

A Audi A4 1.9 L TDI (car) B

— 80 km/h +50% load log fit
X 80km/h measured I_‘.,-'."f'-u

A Volvo DH 10A285 (Bus) e
A Sisudiese#20 DSRE (Tractor) 3=

A Various engine sizes , TDI
A 1.9L (4), 9.6 L (6), 4.2 L (4) .
A Euro I, Il and I, 282000 ppm S | —_——
A Fractal decreases with increasing It = = A R
A And particle size _

| Small2.329 (sphere=3) ‘. |

[ Large X, 2.75 oo e |,

0.01 0.1 1

-

Norm. dN/dlog d
o o
(-] (-]
3,
p (glem’)

dp (Um)

A D e n S Ity d e C re aS es Wlth I n C re aS I n g FIGURE 6. Fitted density profile compared to reference method.

Suggestion for different morphologies in different size regimes
sketched in the figure.
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EstimatedHedemoraUFP Size Distribution

A Difficulty obtaining PSD

A High performance engine
I 10 ppm S fuel foaftertreatment

A Expect peak 50 80 nm

A Use surrogate engine PSD
I MB engine PSD (0.Q11 pum)
I Impactor mass distribution
A (< 0.25 unt > 2.5 pm)

A Effective densities
I Several engines
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Fractal Dimension From Mass Distribution

A Since mass is constant over size range 320 nm,

I whered, £ D,,, forsizerange

k., IS theprefactor
D, is the fractal dimension

A For assumetHedemoraPSD,

15 b

D, = 2.66 Kittelson = 2.35
K,= 2x10% Kittelson= 7.35 x 16!
UFP are compact spherules
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SEM of DPM on Foam Filter in Collins Class

Discernible small particles are ~ 1um and 100 nm and 400 nm Ultrafine
particles were determined on isolated surfaces.
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