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Motivation and objectives ®Empa

Gasoline Direct
Injection Vehicle

Exhaust e 2.5x10'2#/km GDI fleet (n=7)

v +  430-460 ng TEQ PAHs/km

e Much higher than the diesel
with DPF

In our research, we observed:

Are PAHS co-released/formed ?

with nanoparticles?
L]
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What we blow out when we floor the throttle

Empa researchers studied exhaust emissions from seven gasoline cars and one
diesel, six of which were huilt between 2012 and 2016, Alarming substances
came to light in the gas chromatograph, a fine, analytical instrument.
As the dynamameter revealed, most of these substances are produced
— the vehide acceleratese—- -
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In comparison with diesel... ®Empa

GDI vehicles emit....

Soot particles

Up to 3 orders of magnitude
more particles

Exceeding Euro-6 limit:
6.0x10%! #/km
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On the one hand, we have the PARTICLES @Empa

From a tested GDI vehicle
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 Substantial contrlbutlon In the smallest particle size range, below 23 nm
e Sub-23 nm accounted for about 20 % in all velocities
 High proportion of particles entering the alveolar region??
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Then, on the other hand...
We have PAHS ...

Nuclear particle
Coagulation

A Core

PAHS are genotc liates for

soot formation
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¢/ Soot Surface
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Yan-zhao An, Xiang Li, Sheng-ping Teng, Kun Wang, Yi-giang Pei, Jing Qin, Hua Zhao,
Development of a soot particle model with PAHSs as precursors through simulations and experiments, Fuel, Volume 179,2016
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Focus on PAHS

1) naphthalene

5) phenanthrene

0

2) acenaphthylene

6) anthracene

©‘©

3) acenaphthene

7) fluoranthene

oe)

AGENTS CLASSIFIED BY THE IARC MONOGRAPHS, VOLUMES 1-111

Group 1
Group 2A
Group 2B
Group 3

Carcinogenic to humans 116 agents
70

285

506

1

Probably carcinogenic to humans
Possibly carcinegenic te humans
Net classifiable as to its carcinogenicity to humans

Group 4 Probably not carcinogenic to humans
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4) fluorene
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8) pyrene
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1) benzo[b]fluoranthene
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0) chrysene
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9) benzo(a)anthracene
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12) benzo[Kk]fluoranthene
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 vapor pres. ©© O O
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3) benzo[a]pyrene

5) benz[ghi]perylene

Q

14) dibenz[ah]anthracene

Group 1 Group 2A

O
oR

16) indeno(1,2,cd)pyrene

QO

Group 2B
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GDI FLEET (n = 7)

Euro-3 Euro-4 Euro-5 Euro-6

@ Empa

cience and Technology

GASOLINE PARTICLE FILTERS®

4 particle filters tested v
2 coated and 2 non-coated w

REFERENCE VEHICLE
Euro 5
DIESEL BENCH MARK WITH DPF
Euro-
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Laboratory analysis

Concentration Cleal_wup z!nd
fractionation

Sampling

HRGC/HRMS

analysis

ASE/Soxhlet

extraction

Chassis dynamometer of the UASB _U, Lgf R
2 transient driving cycles (WLTC) & :Eﬁ ARN
Cold and hot _ -
SSC
Diluted exhaust --- CVS tunnel: |
solid + condensed + gaseous phases - ,_'.i]
- PAH particulate+gaseous Brcl)ases pressure gauge ( U—_l -
inlet _.[ﬁ —l_”? ] ngfl_ilmeter Lj
filter with glass wool L wre FJmp
cooler | - %
g R=120000
EJE
cooling bath
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RESULTS
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Atmospheric Environment 178 (2018) 242-254
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Co-formation and co-release of genotoxic PAHs, alkyl-PAHs and soot mn
nanoparticles from gasoline direct injection vehicles S

Maria Mufioz™", Regula Haag", Peter Honegger”, Kerstin Zeyer”, Joachim Mohn", Pierre Comte®,
Jan Czerwinski, Norbert V. Heeb"
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Dithendorf, Switzerland

* Laboratory for Exhaust Emission Control, UASB, University of Applied Sciences Bern, Gwerdistrasse 5, CH-2560, Nidaw, Switzerland

o,

Bioethanol Blending Reduces Nanoparticle, PAH, and Alkyl- and

Nitro-PAH Emissions and the Genotoxic Potential of Exhaust from : .
a Gasoline Direct Injection Flex-Fuel Vehicle Effects of four prototype gasoline particle filters

Maria Mufioz,™" Norbert V. Heeb,’ Regula H.ug.: Peter Honegger,'z Kerstin Zeyer,” Joachim Mnhn,:

piere Comte, and Jan zenvinski (GPFs) on nanoparticle and genotoxic PAH emis-
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FUASB, University of Applied Sciences Bem, Laboratory for Exhaust Emission Cantrol, Gwerdtstrasse §, CH-2560 Nidau,

et sions of a gasoline direct injection (GDI) vehicle

© Supporting Information

ABSTRACT: Bioethanol as an altemnative fuel is widely used Te e i

as a substitute for gasoline and also in gasoline direct injection
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increased engine power are reported advantages of GDI ssc 1 . )
vehicles. However, increased emissions of soot-like nano- mrce N— ski*, Norbert V. Heeb®.
particles are also associated with GDI technology with yet TeH -
unknown health impacts. In this study, we compare emissions s
of a flex-fuel Euro-5 GDI vehicle operated with gasoline (E0) WICC S— . . . .
2nd two ethanol/asoline blends (E10 and E85) ander e Empa, Swiss Federal Laboratories for Materials Science and Technology, Laboratory for Ad-
transient and steady driving conditions and report effects on ¢ vanced Analytical Technologies®, Laboratory for Air Pollution/Environmental Technology”,
particle, polycydlic aromatic hydrocarbon (PAH), and alkyl- Uberlandstrasse 129, CH-8600 Diibendorf, Switzerland. UASB, University of Applied Sci-

ences Bern®, Laboratory for Exhaust Emission Control, Gwerdtstrasse 5, CH-2560 Nidau,
Switzerland.

Submitted to ES&T (June 2018)
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Gasoline (GDI
vs Diesel with DPF
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Data reported in ng TEQ/m?®
TEF X C(ng/Nm3) @ Empa

Materials Science and Technology

Toxic equivalency concentration (ng TEQ/m3)
TEF: Toxic Equivalent Factor

1

QO
00 Q0

O Naphthalene ] Chrysene B Benzo(a)anthracene ] Benzo(a)pyrene
(2B, 0.001) (2B, 0.01) (2B, 0.1) 11

. Q0 8 OOO

Benzo(b)fluoranthene .Benzo(k)ﬂuoranthene |:IDibf.nz«.)(a,h)anthracem: O 1ndeno(1,2,cd)pyrene
(2B, 0.1) (2B, 0.1) @A, 1) (2B, 0.1)

Chemical structures and names of the 8 genotoxic PAHs. IARC carcinogenic group and TEFs are
indicated in brackets according to I.C. Nisbeth, P.K.L. Regul Toxic Pharmacol. 16:290-300; 1992.
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Gasoline vs Diesel-DPF emissions (ng TEQ/m?, 8 genotox PAHS) @ Empa

Materials Science and Technology
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Lowest emitter (PN and PAHs) = newest technology (Euro 6)
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2 Benzo(b)fuoranthene (0.1%) GDI fleet emlts 64-, 700- and 39000 fold higher
= pibenzoahanthracene .oy PN €MISSIONS than the Euro-5 diesel vehicle
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Particles and PAHS correlate!!! @ Empa

Color - Cycle Shape - Vehicle @® GDI4 (Euro-5) = Mean Values (cWLTC-hWLTC)
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Mufioz, M., R. Haag, P. Honegger, K. Zeyer, J. Mohn, P. Comte, J. Czerwinsk and N. V. Heeb (2018). "Co-formation and co-release of genotoxic
PAHSs, alkyl-PAHs and soot nanoparticles from gasoline direct injection vehicles." Atmospheric Environment.
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Solutions are needed to lower emissions...
at least to diesel with DPF levels

Aftertreatment:
Prototype GPFs > BAT FILTERS ??
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Euro-5 REF Vehicle

GDI with GPF g & @Empa

2 coated + 2 non-coated filters

ng TEQ/m?3
X2
1000
800 :
600 i i B B S
400 il B B R 5
200
EE ®
s =
REF. Vehicle | non-coated | coated coated non- d
(Euro-5)

FILTERED EMISSIONS

Storage / Release ?
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GDI with GPF vs Diesel with DPF ®Empa

Although most GPFs
lower emissions.......

filtered genotoxic
emissions still higher\
than those of the diesel

with DPF
\

[
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Worse filter @ Empa
GPF-1: 75-99% GPF-4: 2-100x increase

GPF-2 and -3: 20-90%

o )

0 GPE-1 PYR (13) | ﬁl Genotoxic compounds reduced
" = 86% GPF-1
O GPF-2 | [%
BaA (18) j:[i 82% GPF'Z
OGPF-3 CHR (19) | I % | 65% GPF-3
I BbF (20) - For individual PAHSs
e 2 | E 20-99% with most around 60-75%
| -
BaP (22) ,4—44#]'
IndP (23) | | Da

COATED: 2 and 3
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However, GPF need to improve..... @Empa

Genotoxic compounds reduced
86% GPF-1
82% GPF-2 (coated)

Most DPFs converted 80% 65% GPF-3 (coated)

0% GPF-4

d Technology

I_For individual PAHs
20-99% with most around 60-75%

Conversion of carcinogenic PAHs with DPFs

1.0 4

| i —— —_— - — -
06 -
04 -
02

Most > 80%

Efficiency [ ]
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GPF-1 - highest efficiency, lowesi.R2 _
y, worse filter

ooooooooo

v,

PN results are In
accordance with PAH
results

Particles and PAHSs seema

correlate even with GPFs!!1
< |

‘ 98
100 d[nm] 1 10 100 d[nm]

Munoz et al. (submitted June 2018)
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Newest technology (Euro-6) lowest emissions

LOE+14 "gv1 aov2 m V3 ova mVs ove
BV1, GPF1 E@V1, GPF2 BV, GPF3 BV, GPF4 OV2, GPF1 . .
1.0E+13 limit 6.0x10%?
witp PF '
[ . s \
1.0E+12 limit 6.0x101

E I F

] o —

= 10E+11 - = —

z = =
1.0E+10 =
1.0E+09 - = — §

= = i
1.0E408 - ZS i S
whole WLTC cold whole WLTC hot
#/km #/km

Czerwinski, J., Comte, P., Heeb, N., Mayer, A. et al., "Nanoparticle Emissions of DI Gasoline Cars with/without GPF," SAE Technical Paper 2017-01-
1004, 2017, d0i:10.4271/2017-01-1004.
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CONCLUSIONS / SUGGESTIONS @ Empa

(((((((((((((((((((((((((((((

PAHs are co-formed and co-released with particles
e The higher the PN, the higher the genotoxicity
» they may penetrate the alveoli, supporting Trojan Horse effect

Toxic equivalent concentrations are several times higher in GDI (with and without filter)
than in diesel with DPF.
Newest technology (Euro-6) shows the lowest emissions of PN and PAH
GPF-1 =  Dest filter for PN and PAHs /| GPF-4 -  worse filter
GDI should be equipped with filters — May reduce PAH emissions (20-80%)
GPF should undergo certification procedures like DPF (VERT)

However, BAT filters not yet ready to eliminate genotoxic PAHS

Efficient coating / Biofuels? %
‘f&
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Thank you for your attention

Questions?
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Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Bundesamt fiir Umwelt BAFU

Office fédéral de I'environnement OFEV
Ufficio federale dell’ambiente UFAM
Uffizi federal d’ambient UFAM
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