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BackgroundBackground
•• More than 24 Million children in USA commute by More than 24 Million children in USA commute by 

school buses every dayschool buses every day

•• Studies have shown adverse health effects of Studies have shown adverse health effects of 
traffic exhaust exposuretraffic exhaust exposure

•• Elevated levels of PMElevated levels of PM2.5 2.5 and BC inside school and BC inside school 
buses in Connecticut (Wargo, buses in Connecticut (Wargo, ‘‘05), Los Angeles 05), Los Angeles 
(Behrentz, (Behrentz, ‘‘05; Sabin, 05; Sabin, ‘‘05) and Seattle (Adar, 05) and Seattle (Adar, ‘‘08; 08; 
Zielinska, Zielinska, ‘‘08) 08) 
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MotivationMotivation
•• Most diesel exhaust particles on buses are Most diesel exhaust particles on buses are 

attributable to bus itself attributable to bus itself -- selfself--pollution. (Fitz pollution. (Fitz 
03; Sabin 05) 03; Sabin 05) 

•• Ireson (2004) reported little selfIreson (2004) reported little self--pollution from pollution from 
the tailpipethe tailpipe

•• UWUW’’s bus selfs bus self--pollution (SP) study; in year pollution (SP) study; in year 
2005 with 2 Seattle buses without CCV (closed 2005 with 2 Seattle buses without CCV (closed 
crankcase ventilation)crankcase ventilation)

•• Liu (2008) and Zielinska (2008) show Liu (2008) and Zielinska (2008) show 
crankcase contribution greater than tailpipecrankcase contribution greater than tailpipe
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Remaining Questions ??Remaining Questions ??
•• Can we generalize these results on bus selfCan we generalize these results on bus self--

pollution?pollution?

•• Does CCV reduce the crankcase emissions Does CCV reduce the crankcase emissions 
effectively?effectively?

•• Does DOC (diesel oxidation catalyst) help at all?Does DOC (diesel oxidation catalyst) help at all?

•• What is the effect of windows open/ closed on What is the effect of windows open/ closed on 
bus selfbus self--pollution?pollution?
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Locations and bus routesLocations and bus routes

Tahoma 

Seattle 
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Bus selectionBus selection
(Null, DOC, CCV, DOC+CCV)(Null, DOC, CCV, DOC+CCV)

## Donaldson CCV unit disconnected prior to the tests Donaldson CCV unit disconnected prior to the tests 
** Strong odors reported coming from rear engine compartment into Strong odors reported coming from rear engine compartment into bus during operationbus during operation
**** Engine failure (turbo seals ??) during emission testing; testinEngine failure (turbo seals ??) during emission testing; testing abortedg aborted



Institute of Social and 
Preventive Medicine

Study design Study design –– InIn--cabin, Lead cabin, Lead 
Vehicle and Source samplingVehicle and Source sampling
•• A 3A 3--week study (Aug 14week study (Aug 14--Sep 1, 2006) Sep 1, 2006) 

•• Sampling on 6 buses with total 9 configurationsSampling on 6 buses with total 9 configurations

•• On busOn bus: Collocated PM: Collocated PM2.52.5 samplers at 120 samplers at 120 
L/min, and PML/min, and PM11 sampler at 16.7 L/minsampler at 16.7 L/min

•• Simultaneous sampling of tailpipe and crankcase Simultaneous sampling of tailpipe and crankcase 
emissions using two parallel dilution tunnels in emissions using two parallel dilution tunnels in 
most runsmost runs

•• On bus and Lead Vehicle:On bus and Lead Vehicle: pDR, Ptrak and pDR, Ptrak and 
EcoChemEcoChem
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Sampling SchematicSampling Schematic

1DX

1DC
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Chemical AnalysisChemical Analysis
•• PMPM2.52.5 Teflon filters: gravimetric and INAA for Teflon filters: gravimetric and INAA for 

IridiumIridium

•• PMPM2.52.5 quartz filters: detailed organicsquartz filters: detailed organics

–– OC and EC using the TOROC and EC using the TOR--IMPROVE protocol IMPROVE protocol 

–– Speciated organic analysis including dSpeciated organic analysis including d--
alkane (Calkane (C3636DD7474) with GC/MS) with GC/MS

•• PMPM11 filters: gravimetric and XRF for trace filters: gravimetric and XRF for trace 
elementselements
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Estimating selfEstimating self--pollution pollution 
using tracersusing tracers

PMPM2.5, SP   2.5, SP   = PM= PMTailpipeTailpipe + PM+ PM2.5, Crankcase2.5, Crankcase

= Ir= Irinin--cabincabin (PM(PMTPTP/Ir /Ir TPTP) + ) + 
dd--alkanealkaneinin--cabin cabin (PM(PM2.5, Ck2.5, Ck/d/d--alkanealkaneCkCk))

•• OrganoOrgano--metallic Ir complex added in diesel fuel as tracer for metallic Ir complex added in diesel fuel as tracer for 
tailpipe emissionstailpipe emissions

•• dd-- alkane (Calkane (C3636DD7474) added in lubricating oil as tracer for ) added in lubricating oil as tracer for 
crankcase emissionscrankcase emissions
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InIn--cabin total PMcabin total PM2.52.5
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InIn--cabin crankcase PMcabin crankcase PM2.52.5
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InIn--cabin tailpipe PMcabin tailpipe PM2.52.5
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InIn--cabin OC conc.cabin OC conc.
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InIn--cabin EC conc.cabin EC conc.
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Continuous Continuous 
measurementsmeasurements
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Comparisons with previous findingsComparisons with previous findings

•• In our 2005 bus SP study (Liu, 2008), bus model year were 2002 aIn our 2005 bus SP study (Liu, 2008), bus model year were 2002 and 1999nd 1999

•• Both had DOC and none CCVBoth had DOC and none CCV

(μg/m3)

(μg/m3)
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SummarySummary
•• SelfSelf--pollution ranged 1pollution ranged 1--8.2 8.2 μμg/mg/m33 when windows when windows 

closed ; 0.3closed ; 0.3--3.9 3.9 μμg/mg/m33 when windows open (wo) when windows open (wo) 
•• InIn--cabin PMcabin PM2.52.5 and OC were higher when windows and OC were higher when windows 

closed (wc)closed (wc)
•• In newer (2002) buses, crankcase contribute 77 and In newer (2002) buses, crankcase contribute 77 and 

87% of SP (wo,wc), while ~30, 55% of SP (wo,wc) in 87% of SP (wo,wc), while ~30, 55% of SP (wo,wc) in 
older (1993) buses older (1993) buses 

•• Crankcase PMCrankcase PM2.52.5 ~5~5--10 times higher than tailpipe PM 10 times higher than tailpipe PM 
inside the businside the bus

•• Retrofit CCV control effectively reduced inRetrofit CCV control effectively reduced in--cabin PMcabin PM2.52.5
and OC emissions; DOC did notand OC emissions; DOC did not

•• In cabin PN track roadway levels very well and In cabin PN track roadway levels very well and about about 
50% of roadway background (wc) and 70% (wo)50% of roadway background (wc) and 70% (wo)
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