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Introduction

Exhaust emissions from internal combustion engarene of the primary
sources of fine particulate matter and nitrogemesiin urban areas. Notably the ultra-
fine particles, mostly with tens of nm diameterss@a major threat to human health, a
reason why increasingly stricter emissions stargdard imposed on new vehicles. In EU,
most manufacturers meet such standards by imprausrreengines and by catalytic
converters, reducing total particulate mass ducerjfication tests, but without
necessarily providing a comparable reduction iratfine particles and also in particulate
emissions during real-world operation.

For diesel engines, the most problematic is extemgeration at idle or low load,
where the efficiency of catalytic devices is rediyand short bursts of acceleration,
where high fuelling rates are used to deliver pghformance and fast acceleration. The
frequency of such operation increases with increpsongestion levels, a reality in most
urban areas. In the Czech Republic, the fuellitgsrare also often further increased by
aftermarket “chip-tuning”, and vehicles with clogeatticle filters are rare as their
installation is not necessary to meet EU emissliomss.

The above concerns are also to some extent aplgitmlgasoline (spark ignition)
engines, which historically had relatively low pel¢ emissions compared to diesel
engines and have not been the subject to partigiesens limits.

Experimental

The emissions during “urban crawl”, dynamic driyjiand other regimes have
been investigated with a simple, low-cost, portairieboard emissions monitoring
system (presented at this conference in 2007 ah@)2@ith a newly added measuring
ionization chamber fabricated from a low-cost hdwde smoke detector for total particle
length measurements. Measurements were conducteelveral cars, vans and heavy
trucks in Prague, Czech Republic.

Theresults presented hererepresent work in progress.



Sampleresults

FS-Nox Euro 5 equivalents at 250 g/kWh: 2.0 g/kWh ~ 8 g NOx/kg fuel / 0.02 g/kWh ~ 0.08 g PM/kg fuel
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Instantaneous (thin line) and moving average (things) road speed and fuel-specific
NO, and PM emissions from a Euro 5 tractor-trailer ahg repeated runs on the Prague
Circle (perimeter expressway road) at varying levafl congestion.
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PM measurements by optical sensor and by measimmzgation chamber during a
expressway and urban operation of a Euro 4 Rerignaltic van with a CR diesel engine.

Instantaneous fuel consumption Instantaneous PM emissions
6 1
@ Area of each mark is
P proportional to the

414 -3 Q@erer - - instantaneous PM
emissions in mg/s

acceleration [m/s2]
acceleration [m/s2]

0 20 40 60 80 100 120 140
vehicle speed [km/h] vehicle speed [km/h]

PM emissions measured by an optical sensor ancdcbrelumption on a Euro 4 gasoline
Skoda Fabia car during preliminary practice runs amest track.
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PM emissions measured by an optical sensor anccredumption on a Euro 4 diesel
Skoda Octavia car during operation in core urbaeaof Prague. Fuel consumption is
used as a surrogate for engine load.

Discussion on preliminary results and planned future wor k

The preliminary results of the ongoing work repdrés here seem to confirm the
concerns about real-world emissions in urban aresiably during congested driving and
during dynamic, high power driving, which could lugher than emissions inferred from
laboratory measurements using established driwnates.

In the light of these findings, seeking furthervaass about the quality of the
improvements brought by Euro 4-5 emissions legmtatand the benefits of low
emissions zones (LEZ), may be of some merit, &t iacases where the purported
emissions benefits are obtained without a parfiltés.

Given the potential emissions benefits stemminglgditom reduced congestion,
a question may arise as to the extent to whiclbémefits of LEZ are an effect of reduced
traffic volumes and thus reduced congestion andlé@ad operation occurrence.

Another question arises as to the differenceseamnrehative toxicity of vehicular
exhaust in laboratory settings and in everyday atpmsr in dense urban areas, where most
of the exposure occurs.

In the pursuit of the last question, and as a @fariternational efforts to evaluate
the effects of new fuels and engine technologieswoman health, a cooperation has been
established between the Department of Genetic Ecmiogy of the Institute of
Experimental Medicine of the Czech Academy of Soésnand the Internal Combustion
Engine laboratories at Technical University of lileand Czech Technical University in
Prague.

A Czech project MEDETOX — Innovative Methods of Ntoning of Diesel
Engine Exhaust Toxicity in Real Urban Traffic — teeen recommended for funding by
EU under the LIFE+ program. The goal of this prbje¢o sample exhaust from on-road
engines during laboratory and real-world operatmrsubsequent toxicological assays.
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Background and aims:

What are the actual emissions during everyday o
« And what about actual, “real-world” toxicity of the exhaust gases?

» Many newer engines rely on electronics and catalytic aftertreatment devices —
how well do they work at prolonged low loads and during other , challenges"?
ration of modern engines?

Real-world is different from laboratory...

On-board system functional overview
(Vojtisek-Lom and Cobb, CRC On-road vehicle emissions workshop, 1998)

Nanoparticles emitted by (internal combustion) engines - background
«In 2008, 4 Tg (4 millions of tons) of diesel f]uel and 2 Tg of gasoline was sold in CZ.

[Czech Minisry of Indlstry

» Most of thls was probably burned in internal combustion engines.
 Nearly half of DBartlculate matter emitted into the air in CZ originates from motor vehicles.

[Czech Statistical Yearbook, 2001-2007. Czech Bureau of Statistics, online at http://www.czso.cz/csu/redakce.nsfistatisticke _rocenky_ceske_repibiiky]

» The particles emitted bx the engines are very small — most are less than 100 nm in diameter

[Kittelson, J. Aerosol Sci. Vol. 29, No. 5/6, pp. 575-588, 1

» Particles smaller than 100 nm are readily deposited in the lungs.

[B. Alfoldy et al., Aerosol Science, 40 (2009) 652—663]

. Partlcles smaller than 100 nm have the ability to penetrate through cell membranes and to enter the blood
[SBEI anen Rutishauser et al., Environ. Sci Technol. 40 (1996) 4353-4359] [B. Nowack, T.D. Buchel, Environmental Pollution 150 (2007) 5-22.]

« Inhalation of nanoparticles, exposure to vehicular exhaust, and proximity to major sources of vehicular
exhaust were I|nked with increased risk of respiratory, cardiovascular and other illnesses.

[4 Mayer, 12th ETH Conference on ston Generated Nanoparticls, Zurich, 2007.] [Gehr, P.; Blank! F.; Rothen-Rufishauser, B.: Fate of inhaled parties after interacton with the Iungzsur(ace Pacdiatric Respiratory Reviews, Vol 7, Suppl 1, 2006, gp.
73-575. [Peners A.: Epidemiology on o oy o o ot Nanoparticles. Proceedings of te {2th ETH Conference on,Combistion Generated Nanoparticies, Zurich, Switzerland, June Kuenzl, S.: Chronic pulmonary effects of ambient nano-
Ressons lesrned from M. 13th ETH Conference o Combusdon Generated Nanoparices, Z01ch, Svatzerand, Sune 2001 [5ram, Ko Ustaw exper mentant edicry AVGK. Preseniace i JEdnantv rom ML pro Gabsyent Oavaw, M3b Ch 11. brean 30104

« In pollution-impacted urban areas in CZ, most nanoparticles are of antropogenic sources.
L n!‘lgnma pﬁlt Zal 9Pmceemngs of the Annual meeting of the Czech Aerosol Socitety, Prague, hos. ] [Schwarz et al., Proceedings of the Annual meeting of the Czech Aerosol Sacitety, Prague, 2008.] [Smolik, 3., et al.: Proceedings of the Ovzdusi konference,

» The current emissions limits for internal combustion engines are expressed in total particle mass. Newer
engines emit Iess total partlcle mass, but not necessarily less nanoparticles.

[Mayer, A iichy A Kasper, 1 parice-Emissen of EURO 1V and ¥ compartd to EURO Il with and w/o DPF. Proceeditgs of the . Intemnationsl Scientiic Conference O Czech And Slovak University Departments And Institutions Dealing With The
el Pnes, SErhber & 715030 o Sherec, Cooth hesomiey

* This is lmportant smaller pamcles pose a hlsgher risk than large particles of the same mass.

[Giechaskiel et al., Aerosol Science, 40 (2009) 639—651] [D. Kittelson, J. Aerosol Sci., 29, No. 5/6, pp. 575-

» The traffic lntensmé is mcreasmg, in CZ approximately doubling every 15 years.

[Czech Statistical Yearbook, 200: ureau of Statistics, online

Increased traffic — not only more km driven and more kg of fuel burned, but more emissions of
nanoparticles per kg of fuel and per km due to congestion, and operation at low average loads,
with many transients (see measurements on the right). s i roceccings o the amuei meeting o the caeeh Acroso sotety,prague, 2010

Work in progress: Assessment of exhaust emissions under real-
world driving conditions using on-board measurement systems

Planned future work: Assessment of the toxicity potential of]
articles in exhaust emissions under real-world driving conditions
» Project MEDETOX to be funded under EU LIFE+ program

» Sampling of particulate matter during on-road operation and in laboratory
during conventional cycles and recorded/reproduced real-world operation
- Toxicological assays on collected material

Measurement of total PM length with ionization chamber

« A time-proven, robust, inexpensive technology used in building smoke alarms

« Alpha-particles generated by radioactive decay of 24tAm generate small ionization current in
free air — this current is decreased as particles intercept ions

» Response proportional to total particle length (verified on diesel engines with and without
DPF, running on diesel fuel and non-esterified vegetable oil)

[Vojtisek-Lom, Journal of the Air and Waste management Association, 61, 2001, 126-1_34. . . R . R . R
» Supplemental measurement to provide qualitative indication of mean particle size
or relative fraction of nanoparticles. © More smaller particles at idle, light load

@ More larger particles during accelerations
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Measurement of particulate matter emissions during real-world on-road

operation using a portable, on-board monitoring system
less repeatable, more variable, unique...
Engines are tuned for low emissions in the laboratory — on the road, emissions are very often higher...

L

ne rpm, vehicle speed, Time signal

|

* My, * Pintake ¥ @ * displacement|

Qair =

{CAT |

R* Tinlak!

1. Exhaust gas flow calculations
2. Mass emissions = const. x concentration x exhaust flow
3. Fuel consumptuon = C emissions (PM, HC, CO, CO2) / Cin fuel
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Emissions from Euro 5 heavy vehicles during congested driving
2006 DAF 105 tractor-trailer, 12.9-liter Paccar engine — Prague perimeter road
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Higher emissions of PM and NOx / kg fuel
during driving in heavily congested area

Very transient operation,
even auring freeway cruise
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Light-duty diesels in urban driving

Example: A 2003 Skoda Octavia car with

turbodiesel engine — PM emissions during

travel from TU Liberec to Czech Technical
University in Prague

Highest PM concentrations.
During full-load accelerations,
especially from low engine rpm
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