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Catalyst behaviour and emissions of
50 ccm two stroke scooters over the

first 1000 km

Martin WEILENMANN, Claudio RUEDY & Philippe NOVAK

Introduction

The vehicle class of 50 cm® scooters is booming in
central Europe. Possibly, this has to do with the
increasingly stuck traffic in urban areas, where
scooters are faster than cars. Scooters sold today
have to fulfil the Euro-2 emission regulations. Most
two stroke scooters are equipped with an oxidation
catalyst (oxi-cat) to reach the desired emission
quality.

Even though the fleet size of scooters is small

compared to passenger cars, their contribution to

urban air quality is relevant, especially for HC
emissions, since their emission factors are much
higher than those of cars (Chen 2003, Gense

2003, Vasic 2004).

In contrast to passenger cars which have to fulfil

the emission legislation for a mileage of 80'000

km, two wheelers have no such durability

requirements. So, production cost minimization
may shorten the life span of the after treatment
systems used.

To monitor the real emissions and emission

deterioration of such vehicles, six 50 cm” two

stroke scooter were tested during their first 1000

km.

The following test sequence was repeated three

times for the new vehicles (~0 km) and once after

200 km, 500 km and 1000 km:

e The legislative ECE 40m test. Here the
emissions were collected separately for the
warm up phase and for the legislative phase.

e The first phase of WMTC. See paper for
details.

e Constant speed driving at 30 km/h, 45 km/h
and full speed, allowing to measure the
emissions upstream and downstream of the
catalyst.

Between the test series the vehicles were used by

employees for their way home, thus in normal

traffic.

Results of new vehicles

As shown in Figure 1, two vehicles fail the
legislative value of CO; four scooters fail for HC
and one for NO,. In total only vehicles 01 and 05
satisfy the legislation, vehicle 3 exceeds the HC
value by 1%.

In Figure 2, the constant speed results are given
as catalyst efficiencies at three different load
points.

Considering HC, vehicles 01 and 06 show a
reasonable catalyst efficiency of more than 60 %,
while the efficiencies of vehicles 03 and 04 lie
between 30 % and 60 %. The catalyst of vehicle
02 with HC-efficiencies of less than 20 % is more
or less inactive, while the catalyst of vehicle 05
shows a low conversion rate except at full load. It
must be assumed that this cat has a high light-off
temperature not reached at the lower loads.

Emission in legislative test relative to limit values
25

Vehicle number

Figure 1: CO, HC and NO, emissions of ECE40m
test, relative to legislation level.

Catalyst CO-efficiencies

Catalyst HC-efficiencies

A3

EMPA

Catalyst NOX-efﬁciencies

ehicle number

Vehicle number

Figure 2: Catalyst efficiencies at different constant load points for new vehicles.

The CO efficiencies are similar to the HC observations
except for two cases at full load where they become
concentration
downstream the catalyst than upstream. A possible

negative,

iie. the CO

is higher .

reason is that the engine is running very rich and in the

catalyst the HC is oxidized into water and CO but .
obviously there is not enough oxygen to completely

transform the unburned fuel to CO..

Emission evolution over
1000 km

As Figures 3 shows, the emissions do not rise over the

first 1000 km for warm engines.

However,

the catalyst light off temperatures.

For those vehicles of the test fleet that showed bad
catalyst efficiencies from the beginning, it is not clear if
they were designed like that or if their catalysts were
destroyed during the few minutes they were driven by
the manufacturer or the seller before they came to the

laboratory.

0.8

0.6

0.4

0.2

Q0 D—+BSO< s

o

CO-efficiency evolution at 45 km/h

the cold start HC and CO emissions,
measured in the warm up part of the legislative cycle,
are rising fairly for some of the scooters (Figure 4).
Possibly the "ageing" or "running in" raises somewhat

Conclusions
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Four of six scooters failed the legislative
test as they came from the seller.

The HC conversion rates of the catalysts
range from 80 to 10 %. But the absolute

values of the emissions do not correlate to
the catalyst efficiencies.

e For some driving conditions and vehicles,
the
concentrations are higher than before the

post

catalyst.

catalyst

Cco

and

NO,

e The performance of the catalysts did not

J.H., Hu
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Figure 3: Trend of catalyst efficiencies at 45 km/h over mileage.
CO ewolution in cold ECE-cycle HC ewolution in cold ECE-cycle NOX ewlution in cold ECE-cycle
12
i T T i i o T i i T — i
[ R | R I [ T | T ) g 1 |EJ0km
R " 10-—+—+— 4 —1—- —— 1+ — 2r -1~ 4~ 57[J 200km [
| | o | | | [ | | | EEE 500 km
(. (. gl _ L _1_ i . T =7l MW 1000 km
L_L_1_ P S — | | | ! ] | | T T T
] | | n]1 | | | m 08r-r-iF -
[ 5 61—t —+— **5 I [ |
L_L_1_ _ | | x 06F—+— |k --—-1—-———+-4
| | 4l -L_1_ _ | | [ |
| | i | | R 04—+ —|{lF———1—-—-1——+—+
L_oL_1_ _ | | [ | [ |
| | **r*ﬂ* — o_zfﬂ - [~ — —1— —— -+ —
| | [ |
riem th 0 HH’_I HI 0 coem crbe CHen (000
1 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

2
Vehicle number

Vehicle number

Figure 4: Trend of cold start emissions over mileage.

Vehicle number

Acknowledgements: This work was done within the DACH+NL (German, Austrian, Swiss and Dutch) cooperation on vehicle emission monitoring. The authors wish to thank SAFEL and all co-founders.



A 4-1

H401134Ngyvo ON 1 0dN3-34d 000°€E pinbiq 0SL ¥ LN
H401134Ngyvo ON 1 0dN3-34d 000°9¢€ pinbiq 0SL 1N
SH31009S

HOL13HNgHYD ON 108Nn3 000°S€ pinbr ost zIn

401134Ngyvo ON 10o4dn3 00L'S pinbiq 0SL L1IN

*153PNI 1O3HIa ETN Il oun3 005'L pinbr 0s 8D

HOLLIYNGHYD IVS*S3A Il oun3 0se’L ny 0s LD

HOLLIYNEHYD ETN T ovo'LL ny 0s 9D

HOLLIYNGHYD S3A 108N3 099°22 ny 0s SWO

saadow

HOLLIYNGHYD S3A 108N3 005°9 ny 0s a5)
n
- HOLLIYNEHYD ON | oHN3-3Hd 006'L1 ny 0s ENO
i) HOL13HNgHYD ON | oHN3-38d 0€6'61 ny 0s Zno
()]
17, HOLLIYNEHYD ON | oHN3-3Hd 008'9} ny 0s LD
—

ONITT3NA 1v0 ADOTONHO3L (uny) W3LSAS ONIT009 (02) 3009 IT19IHIA
ELYER LNJWIOV1dSIA INION
Q31S3L STITHM OML 40 SOILSIHILOVHVHO NIVIN

‘spadouw [[e 10} pasn sem [10 Jueduqn| onayluAs Ajny jo adAl swes ay |

-oseyd 1oy ay} Buunp Ajuo paulwialep Sem UoINQUISIP SSew Jajawelp dlweuApoliay -aseyd 1oy pue pjod Buunp suoissiwe padow

‘aseyd 1oy ay}i Buunp pue 81942 0F 3D3 djoym a8y} Buunp paINSeaw 8JaMm SUOISSIWS |Nd SI191009S °SB|IYSA |9SaIp 10} pasn awes ay} alem sainpadoid Buidwes pue uonn|ig
'$18]009S 8Y]} 10} 8|04 BulALIp

0% 3903 pue spadow a8y} 1o} 81942 BuiaLp /1 303 01 Buipiodoe pawiopad aiom Sisa) JlWeUAQ "pasn Sem AN GE 01 dn Jamod yim S|0IYSA [98YA OM] IO} J}eWoWeRUAp youaq Y

"aALIp paads 8|gBIIBA WNNUNUOD PBY S18]1000S pue spadow ylog

’| 0N g PUB [BUOIUSAUOD Z :SI8}009S 8)04)S IN0Y asn Ul
‘11 0JN3 g pUB | 0INT € |RUOIUBAUOD ¢ :Spadow 8)04}S OM} ash ul §

:0J8M PB]S3] SO|DIYSA [98UM OM] BUj| "Seale
uegin Ul se|olyaA palamod [9eym Om] O} 8NP SUOISSIWS |Nd JO Junowe syl 8jewiss 0} AIAIIO. [eluswiiadxe Ue N0 paLLed awoy Jjo Alfediouniy 8yl yum uoneladood Ul YaNg
"seio Big uelfe)| [eJeAss ul anss| uonnjjod Jofew 8y} S UOIBIIUSOUOD JIe UBgIn Nd 8yl

"spadow 8%0.1S OM] 00G'2 1§ PUB S8[0A0J010W 8X0.1S IN0J 00G° /2 INOQe 8JB 818yl 8woy uj

"SNOISSING "Id °Nd °'Nd
*SNOISSING 3LV INDILHVd SSVIN TV.1OL 1OH ANV a102

:SH31003S INMOHLS HNOJ pue SA3dON IMNOHLS OML

ENEA & Municipality of Rome / Particle Em



A4-2

ENEA & Municipality of Rome / Particle Emissions

‘wr | uey) ssa| Jojowelp
olweuApoloe ue 8ABY 0} puNOj} SBM SSBW pPalod||00 [elo}
10 %B6 ‘UOIINQUISIP SSew Jalawelp olweuApolse 0} Bulisjey

"'uondwnsuod |10 8gn| 0] pajejal aJe SuoISSIWg
"ainjesayl ul Bunsixa sjuswainseaw
a3yl yum aul ul ase spadow | oing-ald JO Synsal 1s9]

Sd3dO | OHN3—34d

wr o1>eq>wrd 'z @ wrl gz>eq>wr 1@

20 80

saneA %
uonnquisig ssep d1weulpoiay
spadoyy | 04in3-aid

7 suondwnswo: D 110 1I0HE D 110 PI00 &2 suoissiw3g ploom

86

suondwnsuo) |10 Juedlgn B suoissiwg
spadoyy | 04n3 aid

i (1010edw)) suoissiwz 10H @ (19)1d) suoissiw3 10H @ (43)114) suoissiwz ploom

suoissiw3 J0H B p|oD
spadop | 0in3-aid




A 4-3

ENEA & Municipality of Rome / Particle Emissions

‘'spadow | oin3g-aid se uleyed swes
8y} 1SOwWe pPamoys uonlnquisip SSew Jalawelp
olweuApoiay ‘%08 Inoge AQ SuoisSiwe padnpal
1e0-Ax0 oyl Inq eseyd pjoo Buunp painsesw
eyl o} asop si aseyd 1oy Buunp uondwnsuod
IO "SH}IOM [elusawadxa Jaylo ul paulelqo asoyl
0] Je|lwis aiom synsal spadow | 0in3 IO} OS|Y

SA3dOn |1 odN3

i suondwnsuo) 10 1OHE

suoissiwg 1oH@ suondwnsuod 110 P02 @ suoissiw3 ploo W

suondwnsuo) [10 JUedLIgNT B SUOISSIWT

spadoyy | oan3

008

[uny/Bu]

doi<ean wr gp>eq>wrd g'z@ wr g‘z>eq>wrd | @ wrd 1>eqm

€0 <0 60

2'86

sanjeA %
uonnquisig ssep dlweuApoliay
spadoyy | oan3

r o'oy

r 0°0§

t 009

Fo'oL

t 008

+ 006

0°004

[%]

(1010edw)) suoissiw3 10H @ (19114) suoiss|wz 10H @

(193114) suoissiwz ploom

x4

suoissiwg J0H B P|0D
spadoyy | oan3

r 0z

T ov

r 09

r 08

T 00k

T 02k

T OvL

(L]

[wny/Bu]




A 4-4

"SJIBYJ0 8y} WwoJy sadualayp ybis pamoys padow 7 ND
uonlnquisip ssew siajawelp olweuAposse 0} Buipieboy
‘suolebiiseaul Jayuny 1sabbns Aouedalosip synsas ay|
"SUOISSIWS 10y UBY} JOMO| 8J9M SUOISSIWS P|0D JSAOBIO
‘peroadxs ueyl Jaybly suoissiwe joy pey uondwnsuod
10 Jamo| Jo auds ul padow gD Aesjuod ay) uQ ‘Moj Alea
9JOM SUOISSIWS Joy S} Ing spadow | 0in3 8y} Jo asoy}
0} 8s0j0 Ayjeid alem padow D Byl JO SUOISSIWS PjOO
pue uondwnsuod IO "SUOISSIWS 0y PuUe P|0d JUBIBHIP
pamoys spadow || 0JN3 OM] 8y} UO INO pPaLIed Sisa) 8y

SA3dON 1l odN3

snNom LNO B

wrl gp>eg>wr g'g wrl g'g>eq>wirl |

vo 22

7 suondwnsuod 10 10HB 0 110 PIOD N suoissiw3 ploom 7

LIND

T

88

anjeA 9,
uonnquisig Sse dlweuipoiay
spadoyy || 0an3

ENEA & Municipality of Rome / Particle Emissions

suondwnsuod |10 JuedLgn pue suoissiwg
spadoyy || 0an3

(1010edW)) UOISSIWT JI0OH D (121114) suoissiwg 1o0H @ (193114) suoissiwz ploom

8ND LIND

suoissiwg J0H B p|oD
spadoyy || oang




Paper JSAE 20030335
DfT Motorcycle Emissions Measurement Programmes :

Unregulated Emissions Results

A5

Ricardo Consulting Engineers

Motor [ Approximate | Zor 4
Cycle Capacity stroke Fuelling SAl | Catalyst - .
=TT =0 —t oo T N 97/24/EC Particulate Chemistry
BKO02 150 4s Carburettor Y N
BK03 950 4s EFi N Y
BKOZ 800 s Carburetior Y Y 0.00 10.00 20,00 3000 40.00 5000 60.00
BKO5 650 4s EFi N Y i i i i
BKO06 500 4s Carburettor N N BK0O1-03 |
BKO7 400 4s Carburettor | Y N OLDERVED ~ mCARBON SOLLBLE
BK09 1300 is EF| N Y BK02-03 (mgha) (mgkm)
BK10 250 4s Carburettor Y N _ HSULPHATE- NITRATE =REMAINDER
BK11 50 2s Carburettor | N Y I BOUND WATER ~ {mg/km) (mgfkm)
BK12 550 4s | Carburettor | Y N BKO3-03 (mgkm)
BK04-03 [1
Stage Test Cycle Motorcycle Notes |
< : e — L BKOGR-03 |l
2 * Vehicle Pre-conditioning Both motorcycles) |

1 (UDC+EUDC+EUDC) 182 in test pair

2 98/69 Cold Start Test 1 After cold soak BK07-03 |

3 Warm-up/Stabilization 1 1

4 Idle 1 10min BK0D8-03

5 3 " Hot EUDC Cycles 1 g

6 Idle 1 5min BK09-03 |l

7 Hot EUDC Cycle 1 ]

9 Hot EUDC Cycle 1 |

10 Forced Cool Down 1 30min

11 | 97/24 Emissions Test 1 BK1-03 l

12 Forced Cool Down 1 30min 1

13 97/24 Emissions Test 1 BK12-03 |

14 Forced Cool Down 1 30min

15 97/24 Emissions Test 1

WMTC (Phases 1,2&3)

16 Cold Start Test 2 After cold soak

17 Warm-up/Stabilization 2 10min

18 |3 * Phase 2 of WMTC Cycle| 2

19 Warm-up/Stabilization 2 10min

20 |3 * Phase 3 of WMTC Cycle| 2

0.040

Mass Weighted Particle Size Distribution
Comparison of Drive Cycles - BK11

0.035

0.030

0.025

0.020

0.015

Emission [g/km)

0.010

0005 // <
» B . ———— ——

0.000 T

Aerodynamic Diameter/um

BK_1197/24 =——BK_1198/69 =—®—BK_11ECE

BK_11 W(1) BK_11 W(1+2)




A 6-1

HYC

A New Hybrid Concept for Enhanced
Performance and ULEV Level Emissions

Patented hybrid concept (HYC) ¢ e L

Stator

+ |ncreased torque for acceleration
el ne idle _‘ ed

S Development Objectives

« Good throttle response of the lean
burn engine especially under transient
conditions

« Reduced and smooth idle at low noise
emission

0
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Electrically heated catalyst (EHC)




Emissions and Fuel

Consumption
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Acceptance co HC NO, HC+NO, Particle Fuel Top Acceleration

Test Results [g/km] [g/km] [aikm] [aikm] Emissions Consumption Speed 0-35kmih
[g/km] [kmil] [km/h] [=]

18.12.2001 EU 1.0 Aggr. Limit Aggr. Limit 1.2 Mo Limit - 45

Limits HC+NO, HC+NO,

According ECE47 Regulation (4 warm up cycles followed by 4 measurement cycles)

Standard 17.2 6.90 0.010 6.910 Mot 328 47.5 9.0

MAS0 Vehicle Measured

Lean Burn with 0.25 0.09 0.097 0187 0.020 39.0-41.0 48.5 5.5

Catalyst

HYC with EHC 0.31 0.04 0.160 0.200 0.006 379-437 49.0 3.2

ECEA47 Driving Cycle Including Cold Start (4 measurement cycles)

Particle emissions

(photos of the particle filters for visualization)

Standard MAS0 engine,
including cold start

Lean Bum, 4 warm up
cycles and 4 measuring
cycles

HYC including cold start

HYC 4 warm up cycles and
4 measuring cycles

Main filter

Secondary filter
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Abstract

The purpose of the present exercise was to evaluate the effect of two-wheelers engine technology upon
the physical properties of particles. The vehicle fleet included 11 motorcycles of different engine types
(2 and 4-stroke), technologies (carburetor, direct injection, electronic fuel injection) and after-treatment
systems. The dynamic tests were conducted on a chassis dynamometer following the regulated
European test cycles (ECE R40 and 47). The sampling conditions were identical to those used for
diesel passenger cars, i.e. a dilution tunnel whose flow rate was kept constant during the entire testing
campaign. The total mass and the mass versus size distributions were measured using a Low Pressure
Impactor (LPI). Some steady state measurements were also conducted with a Scanning Mobility
Particle Sizer (SMPS) to investigate the effect of vehicle speed upon the particle concentration. The
particulate matter emitted by motorcycles equipped with 4-stroke engines appeared to be of similar
mass and size to that from the conventional gasoline passenger cars. The particulate emitted by two
wheelers powered with two stroke engines were much higher in mass and strongly depend on the
engine technology. Conventional 2-stroke engines exhibit mass-size distributions with peak towards
200-300 nanometers whereas the direct injection technology produced smaller diameters.

Introduction

The European institutions are preparing the amendment of the Directive 97/24/EC [1] on
“Characteristics of two or three-wheel motor vehicles”. One of the objectives of the future legislation is
to lower the particulate emissions from motorcycles, especially from the ones equipped with two-stroke
engines. The main two objectives of the present study were to determine particulate mass emissions
from 2-stroke engines and to assess particulate emissions for big four-stroke engines to check if they
diverge significantly from passenger cars with similar engine sizes. The motorcycles considered for this
study were chosen to best represent the wide range of engine and after treatment technologies existing
for these vehicles. The effect of oil quality upon the results is discussed in a companion paper [2].

Test fleet and test conditions

The test motorcycles have been selected to best represent the variety of engine and after treatment
technologies existing on the market. The fleet included 3 mopeds with 2-stroke engines and several
motorcycles with 4-stroke engines. Amongst the mopeds, one was “pre-Euro1”, i.e. with no reduction
system, whereas the second one was equipped with a catalytic converter and the third one with a direct
injection engine. Within the 4-stroke family, the technology was ranging from the conventional engine
with a carburetor to the most advanced one with electronic fuel injection and a three-way catalytic
converter. Various engine capacities, ranging from 125cc to 1200 cc, were also considered.

The dilution of the exhaust gas was carried out using a constant volume sampler (CVS) whose flow rate
was set to 7.5 m*min for the entire testing campaign. The dilution air, taken from the test cell was
maintained at constant temperature and humidity (22.5°C, 50%rH) throughout a test. Mass
measurements have been conducted under dynamic conditions (different driving cycles) following the
standard procedure for diesel passenger cars. The number size distributions have been obtained using
a Scanning Mobility Particle Sizer (SMPS) at constant speeds (from 20 kph to 60 kph when possible).

Results

In terms of mass, the pre-Euro1 moped equipped with a 2-stroke engine emits a significant amount of
particulate matter. The more advanced vehicles exhibit better results, close to the Euro4 limit for diesel
passenger cars (0,025 g/km). The chemical composition of these particles is obviously very different

1



from the one emitted by diesel engines [3]. As far as 4-stroke engines are concerned, the particulate
emission levels were very low and do not significantly diverge from those of modern gasoline
passenger cars. The total masses collected with the Low Pressure Impactor were in good agreement
with the filter results.

The engine technology has a strong influence on the properties of the particulate emissions from 2-
stroke mopeds. The mass/size distribution of particulates emitted by these vehicles exhibit a peak in
the range of about 200-300 nm (aerodynamic diameter). For the moped equipped with a direct injection
engine, the distribution is shifted towards smaller diameters. The latter observation is consistent with
the measurements of the number/size distributions performed with the SMPS.

Finally, the day-to-day repeatability of the latter type of measurements was proven to be excellent, as
evidenced by the good agreement between the curves obtained for five consecutive days, each curve
being the average of 5 consecutive scans with the apparatus.

Conclusions

The physical properties of particulate from motorcycles have been characterized using the pre-defined
existing test procedures and “state of the art” instruments. The conclusions are that Pre-Euro1
conventional 2-stroke engines emit high masses and numbers of particulate matter and that there is
some technological potential to reduce these levels using 2-stroke engines with direct injection and/or
catalytic converters. All 4 stroke engines, even the less modern ones, emit masses of particulate matter
comparable to those observed for gasoline passenger cars, at least in terms of mass per distance,
which is the parameter considered by the policy maker.
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Objectives:

*Characterization of non-regulated Polyaromatic compounds, PAC (i.e. PAH,
nitro-PAH & Azaarenes) present in PM emissions from motorcycles.
*Evaluation of links between emissions and health effects.

Motorcycle fleet

I Category | Motorcycles | Eng. (cc) I 28 I 48 | Engine/After-treatment characteristics
Moped MT001 50 X Standard 2-stroke engine
Moped MT002 50 X Ditech Engine, Electronic injection
Moped MT003 50 X Moped, With Catalyst
>450cc MT007 500 X Catalyst
>1000cc MT008 1150 X Controlled TWC (Three Way Catalyst)
>1000cc MT009 1200 X Controlled TWC (Three Way Catalyst)
Sampling and analysis of PM collected from the motorcycles PAH and nitro-PAH in three Mopeds_ECE47
» The test were performed on a chassis dynamometer following the ECE47 18000
driving cycle for mopeds; ECE40 and WMTC test cycles were used for ugKm 160,00
large motorcycles. *1‘;‘:)‘;‘;
» PM was collected on Teflon coated filters after the dilution tunnel. 10000
> Chemical analysis were performed by GC-MS (El ionization mode and o
. . PAH
NICI for nitro-PAH) after soxhlet extraction and clean up (SPE). 4000 -
20.00
0.00
S
PAH concentration is much higher than nitro-PAH in all the moped PM emissions & ‘{\e& @
analyzed. &
PM composition Moped_MT002_cold phase ECE47 PM composition Moped_MT002_hot phase ECE47

*Results from 8 different types of PM indicate that
azaarenes are present in engine exhaust.

- *The highest amount of this class of compounds was found
a— — in mopeds and it can change significantly depending on the
. Nnm aNTRO after-treatment technology
m“ o *The chemical composition of the PM emitted is different for

cold and hot phases.

- 1000000
PAC emitted per Km by four stroke Motorcycles Conclusions: ‘ ng‘l;Eng(l)(om 1
WMTC_cycle 10000
» Links between emissions and 1000
ug/Km
health effects: 1004
oAZA — Motorbikes emit higher 10
mNitro amount of toxic compounds 1 '
DPAH than gasoline and diesel cars S PP P
. A (8} O N o
— Large motorcycles with TWC _Qae>° A@"’ & @
N N
technology are cleaner than & Motorcycles
the small ones.
— The toxicity equivalency TOXIC EQUIVALENCY FACTOR (TEF) is

a measure of relative toxicological potency
of a chemical compared to a well
characterized reference compound (BaP).
_ TEFs can be used to sum the toxicological

potency of a mixture of chemicals which
are all members of the same chemical
class, having common structural,

system allows for meaningful
Large motorcycles with advance after-treatment systems data reduction/evaluation.
emit significantly lower amount of PAC than Mopeds and
medium size motorcycles (125cc-450cc).

» Chemical composition :
CONTACT: Maria C. Astorga-Llorens

EC-Institute for Environment & Sustainability — The composition of the PM toxicological and biochemical properties.
:"; 5;;‘;:0 Fe'mli\1itTIP M emitted is directly related to This concept has been proposed to
T'el: +39;§;a‘2f¥8_§11a°y the engine and the after facilitate both human and ecological risk
Fax: +39-0332-78-5869 treatment technology. assessment (e.g. U.S. EPA, 1991).

E-mail: covadonga.astorga-llorens@jrc.it

Emissions and Health Unit « Vehicle Emissions Laboratories (VELA)
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