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Introduction

ÁEarly 2000s
ïWeight of evidence provided causal link between adverse health effects and 

exposure to submicron sized diesel particulates

ÁLate 2000s
ï Mounting evidence of detrimental brain effects from exposure to Ultrafine 

particles (UFP)

ÁGeometrical complexity of UFP
ï Structural properties and characteristics

ï Exposure assessment in Collins class
Å Including results of DST Group measurements

ï Risk associated with exposure
Å Possible implications on RAN submariner cognition

ï Mitigation measures
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Diesel Particulates (DPM)

ÁKnown Human Carcinogen  (Group 1 - IARC 2012)
ïNon-metal underground mine workers (5670)

ïAv 128.2 µg/m3 EC , 78 -216 µg/m3 EC

ïExposure Category   32 ς64 µg/m3 EC, 20 y

ÁMuch studied toxicant
ïUS military vehicles, maritimesources

ïRailroad, truck drivers, German potash miners

ïLower emissions since 1990s 

ïDPM Filters in US (2007)

ïEmissions from legacy military platforms 

ÁCollins Class (1990s) exposure assessment (SAMAP 2011)
ï60 ς80 µg/m3 DPM  (25 ς30 µg/m3 EC) 

ïMSHA (200 µg/m3 DPM or 125µg/m3 EC) and BMA (100 µg/m3 EC)
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Chemical Composition

ÁOrganic carbon (OC)     where TC = EC + OC

ÁPolycyclic aromatic hydrocarbons (PAH)
Á Carcinogens

Á Size and mass distribution (Leist)

Á Inorganic ions
Á Combustion products (NO3, C2O4, SO4)

Á Lubricants, fuel catalyst metals, sea salt

ÁUltrafine (UFP) and Nanoparticles
Á Metals are more toxic than PAH
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Ultrafine Exposures and Cognitive Deficits

ÁMexico City PM2.5 
ïConstant 25 ug/m3

ïUFPsource is predominantly vehicular DPM

ÁPrefrontal cortex is target region
ïUFP initiates disruption of nasal and olfactory barriers

ïBreakdown of Blood-Brain Barrier (BBB) and deposition of UFP

ïNeuroinflammation, neurodegeneration (Alzheimersand Parkinsons
Disease (PD) neuropathology) in autopsied children and young adults

ïCNS dysfunction (memory, executive, emotion), white matter lesions, 
altered brain structure in children and young adults (MRI) 

ÁHighly exposed adults exhibited poor performance in 
cognition but general intelligence in normal range.
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Transport Mechanism (Post Mortem)

ÁPM and UFP in cells of nasal barrier

ÁTransport of UFP Metals on PM to OB neurons

ÁTranslocation of UFP to frontal cortex blood vessels and 
neurons

ÁRed blood cells overloaded with UFP and nanoparticles 
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Exposures to DPM Components

ÁBlack Carbon (EC) 

ïCognitive deficits in children (Boston)

ÁMetals (Mn) used in engine manufacture

ïParkinsonsDisease-like pathology in rats

ÁPre-natal exposure by PAH (Los Angeles)

ïDetrimental effects

ïBrain white matter development

ïCognition

ïBehaviour in later childhood
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Metrics for Inflammation Response by UFP

ÁLung inflammationresponse correlated with N, particle size , 
not surface area (Witmackin EHP 2007)

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

ÁSurface area related to size of nuclei of agglomerate, not 
particle size distribution (PSD)
ïLong analysis times (2-3 days)

ÁMass and PSD measurements
ï Real time

ÁGeometrical complexity and multi-components of UFP
ïSize,  morphology and composition
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Collins Class UFP Structural Properties

ÁFractal and shape dimensions, effective density

ÁRelationship between mobility and aerodynamic size

ÁMobility
ïCharge, size, shape

ÁAerodynamic 
ïDrag, inertial, gravitational

ÁDetermined from measurements of mobility PSD using SMPS 
(11 nm ς1um) and size fractionated mass using impactors
ïSioutasand MOUDI
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Euro 0 Engine Mass Size Distributions (MSD)

ÁCollins Class

ïHedemoraV18B/15UB (7.3 L)

ïMass < 0.25 µm (250 nm)

ïMax engine load

ÁUnimogTruck (1 L)

ïMB L6 OM353.939

ïMass < 0.25 µm (250 nm)

ïVariable load and Idling 0
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Typical Particle Size Distributions (PSD)

ÁMB OM353.939 Euro 0

ïPeak 51.3 nm

ï4 x 106 cts/cm3 (Idling)

ÁEuro 4  (Burtscher2005)

ïMean diameter (GeomSD)

ï60 nm ς100 nm

ïPeaks 70 ς80 nm

ïInsensitive to engine load

ïNo effect of engine size 

ïNo effect of engine type
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Á1995 Perkins Phaser

ÁModel AE 762337B

ÁTurbocharged

ÁEPA Tier 1

ÁPeak 40 nm ς55 nm

Á20 nm ςFuel or 
Sulphuric acid droplets

Effect of Dilution and Load on Mobility Size
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Morphological Properties, Engine Size and Load

ÁAudi A4 1.9 L TDI (car)

ÁVolvo DH 10A -285 (Bus)

ÁSisudiesel420 DSRE (Tractor)

ÁVarious engine sizes , TDI

Á1.9 L (4), 9.6 L (6), 4.2 L (4) 

ÁEuro II, II and I, 23 ς2000 ppm S

ÁFractal decreases with increasing load

ÁAnd particle size

ïSmall 2.3 ς2.9     (sphere = 3)

ïLarge 2 ς2.75

ÁDensity decreases with increasing size
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Estimated HedemoraUFP Size Distribution

ÁDifficulty obtaining PSD

ÁHigh performance engine
ï10 ppm S fuel for aftertreatment

ÁExpect peak 50 ς80 nm

ÁUse surrogate engine PSD
ïMB engine PSD  (0.01 ς1 µm)

ï Impactor mass distribution 

Å(< 0.25 µm ς> 2.5 µm)

ÁEffective densities
ïSeveral engines
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Fractal Dimension From Mass Distribution

Á Since mass is constant over size range 50 ς220 nm,

ï where dpҒ Dmob for size range

ï km is the prefactor

ï Dfm is the fractal dimension

Á For assumed HedemoraPSD,

ï Dfm = 2.66 Kittelson =  2.35 

ï Km =    2 x 10-21 Kittelson =  7.35 x 10-21

ï UFP are compact spherules

ï Collins Class compact spheroids 100 ς400 nm  (Mazurek2003)

y = 2E-06x2.6608

R² = 0.9959
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Discernible small particles are ~ 1µm and 100 nm and 400 nm Ultrafine 
particles were determined on isolated surfaces.

SEM of DPM on Foam Filter in Collins Class
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