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IARC: DIESEL ENGINE EXHAUST CARCINOGENIC ]

Lung cancer
Lyon, France, June 12, 2012 — After a week-long meeting of international experts, the International

Agency for Research on Cancer (IARC), which is part of the World Health Organization (WHO). today - | n eX p O S Ed WO r kerS

classified diesel engine exhaust as carcinogenic to humans

oup 1) nee
that exposure is associated with an increased risk for lung cance G r O u p 1 l ‘: -.r_ll'lr

Background

In 1988, IARC classified diesel exhaust as probably carcinogenic to humans (Group 2A). An 1 I

which reviews and recommends future priorities for the IARC Monographs Program had 12 315 WO r kerS b} 8 m I n eS
diesel exhaust as a high priority for re-evaluation since 1998. 198 I u n C an C er d eat h
There has been mounting concern about the cancer-causing potential of diesel exhaust, pa g

on findings in epidemiclogical studies of workers exposed in various settings. This was re- y . ’ y

the publication in March 2012 of the results of a large US National Cancer Institute/Natic (16 OOO N 1 OOO OOO)

Occupational Safety and Health study of occupational exposure to such emissions in undet

which showed an increased risk of death from lung cancer in eﬂworkers (1). ( 1 | N 1’ OOO’ OOO’ targ et Val ue L RV)
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7 m3 exhaust (2 minutes of an Euro-3 diesel engine (6.1 L, 105 kW)




Efficiency [ %]

More than 60 VERT-tested DPFs. All approved systems are excellent particle filters
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Why can filtered, particle-f
Salmonella typhimurium TA100
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Why can filtered, particle-f
Salmonella typhimurium TA100
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Why can filtered, particle-f
Salmonella typhimurium TA100
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ered diesel exhaust is
Fllteratlon IS not
enough! We need
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converting
genotoxic
compounds not
bakmg new ones'
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learn more on this in Maria Munoz’ talk in the health session



PAHs - a diverse class of compounds with variable physicochemical properties
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PAHs - a diverse class of compounds with variable physicochemical properties

2- to 6-ring PAHS

some PAHs are
genotoxic r
all PAHs are

potential nitro-PAH w
precursors

0o G
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several nitro-PAHs
are strong mutagens



Non-catalyzed filters are as efficient for soot. How about genotoxic compounds?

Non-catalyzed DPFs:
Accumulate soot (>98%)

Can PAHs penetrate
soot loaded DPFs?

Do DPFs remove genotoxic
compounds a.m.a.p?

Do DPFs support a form-
ationof toxic secondary
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Can PAHs penetrate non.catalyzed filters if operated <200 3w

_ We studied 2 cellulose-based filters, a new and a
soot-loaded filter (>2000 h road application)
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Non-catalyzed filter operated <200 °C do accumulate soot
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- no retention of naphthalene in anew and a soot-loaded DPF

- naphthalene is too volatile, it escapes even from
a cold filter (<200 °C)



. Non-catalyzed filter operated <200 °C'do accumulate soot and some hydrocarbons
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- ébout 30% retention, both in a new and a soot-loaded DPF
- Phenanthrene is partly stored in both filters (<200 °C).



. Non-catalyzed filter operated <200 °C'do_accumulate soot and some hydrocarbohs
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Non-catalyzed filter operated <200 °C'do accumulate soot and some hydrocarbons

co gy

Chrysene (10)

release

00
00°1
000l

> storage

loaded

1 1

- 85% retention in the new DPF

- 6x higher emissions from the soot-loaded DPF
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00
“Benzo(b)- OO

loaded

new
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- 80% benzo(b)fluoranthene is retained in the new DPF
- 5x ‘higher emissions from the soot-loaded DPF
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- Non-catalyzed filter operated.<200 °C do accumulate soot and hydrocarbons
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- Non-catalyzed filter operated <200 °C to accumulate soot and hydrocarbons
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- 80% retention of benzo(a)pyrene in tRe new DPE

- 3x higher emissions from the soot-loaded DPF
=» \We can Store and release PAHs from a nhon-catalyzed DPF



PAHs - a diverse class of compounds with variable physicochemical properties
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- Volatile PAHs
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IitrocnapfRthakene




4 ~+ Non-catalyzed filter operated <200 °C to accumulate soot and hydrocarbons
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- However, some nitro-naphthalenes are stored and
released again from a soot-loaded DPF (2x)
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- Non-catalyzed filter operated <200 °C to accumulate soot and hydrocarbons
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- 3-nitro phenanthrene is'stored in.a new, but formed and released
from asoot-loaded DPF (50x)






- Non-catalyzed filter operated <200 °C to accumulate soot and hydrocarbons
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- 1-nitro pyrene-is stored'in a new, but formed and released
from asoot-loaded DPF (30x)



Nitration in alpha-position?

Regioselective nitration of pyrene
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or in beta-position?

Regioselective nitration of pyrene

@ Empa

Materials Science and Technology



or in gamma-position?

Regioselective nitration of pyrene




Two of the three isomers are mutagenic.

Regioselective nitration of pyrene




If nitration is possible ones, why not twice?

Nitration of nitropyrenes
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From one precursor to 3 nitropyrenes to 15 dinitropyrenes?
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The most potent direct-acting mutagens known are dinitropyrenes
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Fold revertant formation over negative
control (filtered air exposure)
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Problem: Genotoxicity

DPFs can produce

. We need catalytic converters
that remove NOx, soot and PAHS!
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A combined effort with many important contributions

VERT team: Andreas Mayer, TTM, Niederrohrdorf

= hid

Jan Czerwinski, Sandro Napoli, Tobias Neubert, Thomas Hilfiker, Samuel Birki, Peter Bon ac

Jean-Luc Petermann, Yan Zimmerli, Hervé Nauroy Uni. Appl. Sci., Biel.
Markus Kasper, Adrian Hess, Thomas Mosimann, Matter Aerosols, Wohlen
Hans Jaeckle, Urs Debrunner, Oliver Schumm, Intertek Caleb Brett, Schlieren.

Empa colleagues: Brigitte Buchmann, Thomas BUhrer,J_.dﬁﬁ‘Emmene

Urs Gfeller, Maria Guecheva, Peter Graf, Roland Graf, EMr Regula ...r Pets !
Honnegger Judith Kobler Martln Kohler, Peter Lienemann, Alfred Maeter Ma{trel

Adrian chhser Markus Zennegg Kerstin Zeyer

Governement: Philipp Hallauer, Giovanni D’Urbano, Felix Reutp ' ax
Martin Schiess, Swiss Fed. Office for Environment, Bern . o
Thomas Gasser, Heinz Berger, Gerhard Stucki, Swiss Federal Rgad Offrcgn .

Filter- & catalyst manufacturers: >40 different diesel partlculate fllte,t"sys%am ‘

SCHWELZ. CHEMISCHE GESELLECHAFT 506
SOCIETE SINSSE DE CHIMIE S5C
SWIS5S CHEMNCAL SOCIETY 5L
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