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* Risks and health impact of exhausts containing

combustion-generated nanoparticles
— What should you know about it?

« Catalytic particle filters
— Do cPFs detoxify combustion engine exhausts?

« Secondary emissions of emission control devices
— How to avoid or manage them?
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gine exhausts cause canc

International Agency for Research on Cancer

- ’; World Health
(%~ Organization

PRESS RELEASE
N® 213

12 June 2012

June 12, 2012

IARC: DIESEL ENGINE EXHAUST CARCINOGENIC

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
classified diesel engine exhaust as carcinogenic to humans nce

oup 1)
that exposure is associated with an increased risk for lung cance G rou p 1

Background

In 1988, IARC classified diesel exhaust as probably carcinogenic to humans (Group 2A). An Advisory Group
which reviews and recommends future priorities for the IARC Monographs Program had recommended
diesel exhaust as a high priority for re-evaluation since 1998.

There has been mounting concern about the cancer-causing potential of diesel exhaust, particularly based

on findings in epidemiclogical studies of workers exposed in various settings. This was re-emphasized by Lu ng Cancer
the publication in March 2012 of the results of a large US National Cancer Institute/National Institute for

Occupational Safety and Health study of occupational exposure to such emissions in underground miners, 1
which showed an increased risk of death from lung cancer in exposed workers (1). In exposed Wo rke rs
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exhaust cause cancer i

The Diesel Exhaust in Miners Study: A Nested Case-Control
Study of Lung Cancer and Diesel Exhaust

Debra T. Silverman, Claudine M. Samanic, Jay H. Lubin, Aaron E. Blair, Patricia A. Stewart, Roel Vermeulen, Joseph B. Coble,
Mathaniel Rothman, Patricia L. Schleiff, William D. Travis, Regina G. Ziegler, Sholom Wacholder, Michael D. Attfield

Manuscript received February 16, 2011; revised June 3, 2011; accepted October 21, 2011.

Correspondence to: Debra T. Silverman, ScD, QOccupational and Environrmental Epidemiology Branch, Division of Cancer Epidemiclogy and Genetics,
Mational Cancer Institute, Rm 8108, 6120 Executive Blvd, Bethesda, MD 20816 (e-mail: silvermd@mail.nih.gov).

Background Most studies of the association between diesel exhaust exposure and lung cancer suggest a modest, but con-

sistent, increased risk. However, to our knowledge, no study to date has had quantitative data on historical

in exposed work
diesel exposure coupled with adequate sample size to evaluate the exposure-response relationship between I n e p Se r ers
diesel exhaust and lung cancer. Our purpose was to evaluate the relationship between quantitative estimates of _—_. ‘l. _

exposure to diesel exhaust and lung cancer mortality after adjustment for smoking and
confounders.

315 Kk 8 mi

Methods We conducted a nested case-control study in a cohort of 12315 workers in eight non-metal 1 2 Wor e rs 3y m I nes
which included 198 lung cagcer deaths and 562 incidence density-sampled control subject
subject, we selected up towl subjects, individually matched on mining facility, sex, r. 1 98 I d th
birth year (within & years), from orkers who were alive before the day the case subject dii u n g ca n ce r ea

diesel exhaust exposure, represented by respirable elemental carbon (REC), by job and year,
based on an extensive retrospective exposure assessment at each mining facility. We conduc 1 6!000 = n 1 !000! 000
ical and continuous regression analyses adjusted for cigarette smoking and other potential ¢ I

ables (eg, history of employment in high-risk occupations for lung cancer and a history of res

Results We observed statistically significant increasing trends in lung cancer risk with increasing cumulative REC and
average REC intensity. Cumulative REC, lagged 15 years, yielded a statistically significant positive gradient in
lung cancer risk overall (P, = .001); among heavily exposed workers (ie, above the median of the top quartile
[REC = 1005 pg/md-y]), risk was approximately three times greater (OR = 3.20, 95% Cl = 1.33 to 7.69) than
that among workers in the lowest quartile of exposure. Among never smokers, odd ratios were 1.0, 1.47 (95%

to estimate odds ratios (ORs) and 95% confidence intervals (Cls). Analyses were both unlagg 1 H 1 J 000,000 t t I S H LRV
exclude recent exposure such as that occurring in the 15 years directly before the date of deat I n 9 a rge va ue Wlss
reference date (control subjects). All statistical tests were two-sided. -
Cl = 0.29 to 7.50), and 7.30 (95% Cl = 1.46 to 36.57) for workers with 15-year lagged cumulative REC tertiles of ;E : -
less than 8, 8 to less than 304, and 304 pg/m?-y or more, respectively. We also observed an inters -
smoking and 15-year lagged cumulative REC (P,,.,..i.. = -088) such that the effect of each of these « d Iese I ex h a u St ex os u re u
attenuated in the presence of high levels of the other. L
Conclusion Qur findings provide further evidence that diesel exhaust exposure may cause lung cancer in hu

=""a potential public health burden
J Natl Cancer Inst 2012;104:1-14 e — , '1‘ ‘ _




Grenzwerte am suvapro

Sicher arbeiten

Arbeitsplatz 2009

MAK-Wart Kurzzaitgrerewerte HSB c M B He =5 Massmeathoden/

Stoff milm? mg'm- mil/me mg/m®  |Zeél Bagran- besondera
[CAS-Nurmmer] (ppm) (ppm) mmn Bemarkungan

minSchicht)
1,3-Dichlorpropen (cis und trans) 0,11 05 HS 2 3
[642-T5-6]
2 ,2-Dichlorpropionsaure 1 6 1 G 15 min
[75-29-0] und ihr Natriumsalz
[127-20-8]
1,2-Dichlor-1,1,2,2-tetrafluorethan (R 114) | 1000 7000 DFG, MIOSH
[76-14-2]
Dicyclopentadienyleisen 102
[102-54-5]
Dieldrin (HEOD) 0,25e| H 3 MIOSH
S,
Dieselrrc:tor-Emissionen 01a 2 BG
{gemessean als elementarer Kohlenstoff)

,Diesel engine emissions, measured as elemental carbon, should not exceed 100 ug/m3’

== The precusionnary principle: Because diesel engine emissions are carcinogenic (WHO)
inducing lung cancer in humans, general measures have to be applied to lower exposure to
diesel exhausts with best available technology (BAT).



Luftreinhalte-Verordnung

814.318.142.1

(LRYV)

383 Tabelle von krebserzeugenden Stoffen

Stoff Summenformel Klasse
Benzo(a)pyren CaoHiz 1
Benzol CesHs 3
Dibenz(a, h)anthracen CaoHig 1
1.2-Dibromethan C->H4Br1> 3

1.4 Dichlorbenzol CsH4Cl> 3
1.2-Dichlorethan C,H4Cl, 3

Dieselruss 3

Diethylsulfat C4H1004S 2 \




" This includes exhat;sts ‘of:
- diesel engines,

- GDIl-vehicles,

- jet engines,

- non-road machinery,
- ships,

etc.
Lo

D_o not inhale them!
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g g
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Two filter families (FF), one converts CO, the other doesn’t!

Carbon monoxide

CO
2.0
(| o
— (8)]
1.6- @ ©
1.2 +

OSdsd=dduucq= o Ref: Engine-out
04l ¥ 1 - FF1: Low oxidation potential (n=6)
=

Emission factor [g/kWh]
]

- FF2: High oxidation potential (n=8)

Heeb et al. ES&T, 2008, 42, 3773-3779 Heeb et al. ES&T, 2010, 44, 1078-1084




Two FFs, one converts CO and NO, and forms NO,, the other doesn’t!

Carbon monoxide, nitric oxide, nitrogen dioxide

Emission factor [g/kWh]

CO NO
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Heeb et al. ES&T, 2008, 42, 3773-3779
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Heeb et al. ES&T, 2010, 44, 1078-1084
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PAHs - a diverse class of compounds with variable physicochemical properties

gonotoxic f‘ 000 ‘( ‘

?lliltlzﬁl!’-I:Hagecursors *

2re strong mutagens O@@@
13 14 15 16



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

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

Inlet
Channel

= e e

Outlet

‘ WD | det |mode| HFW pressure

500kV|[13.3 mm|BSED | A+B |2.98 mm|1.08e-3 Pa EMEZ Quanta 200F




Can PAHs penetrate non-catalyzed filters if operated <200 °C?

't Two cellulose-based filters studied, a new and a
soot-loaded filter (>2000 h road application)

en'gin_é-éut =

before DPF. =
after DPF - =»
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. Non-catalyzed filters operated <200 °C do accumulate soot and some hydrocarbons
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=90% pyrene is retained in a new, only 5% in a soot-loaded DPF



-

Q0
Chrysene (10)

Q)
Q0
e

loaded

Benzo(b)- new

fluoranthene (11) mded_

Benzol(a OOO e

. J pyrene “ 3 loaded

- 80% retention of benzo(a)pyrene in thjnew DPF
- 3x higher emissions from the soot-loaded DPF
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Non-catalyzed filters operated <200 °C do accumulate soot and some hydrocarbons
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i pyrene is stored in a new, but released from a soot-loaded DPF
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- 1-nitro pyrene is stored in a new, but formed and released
from a soot-loaded DPF (30x higher emissions)



PAHs - a diverse class of compounds with variable physicochemical properties
2- to 6-ring PAHs

Volatile PAHs can
penetrate DPFs O@

both, new and soot- O OOO @@8 OOOO

loaded onces

448 °C 481 °C

-

495 °C
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5 there talytic formation of PCDD/Fs arti

Problem: Secondary emissions

¥




The dioxin problem

« Highly toxic, bind to aryl hydrocarbon receptor

 Persistent, bioaccumulative, ubiquitous

« Regulated under Stockholm convention on POPs

« Contaminants in pesticides, e.g. trichlorophenols
for herbicides, Agent orange (defoliation agent
applied in the Vietham war by U.S. troops)

« Unwanted combustion products

PCDDI/F properties:

« Thermally stable up to 440°C
« Solid, semi-volatile, particle-bound
« Should be stored in PFs unless formed de novo




Before and after the severe dioxin poisoning
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1st order decrease of 2,3,7,8-TCDD levels in the months and years after the poisoning

120,000+
1 10,000: .
100,000+

90,000-

80,000-
70,000-
60,000-
50,000-
40,000-

Serum and fat TCDD levels (based on lipid weight)
Serum : TCDD (t) = 106'000 (pg/g Iw) e-0-04276
t,, = 16.2 months

Fat: TCDD (t) = 107'000 (pg/g Iw) 004429 t
t,» = 15.7 months

pg TCDD/g Iw

30,000-
20,000-
10,000-

0-

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
g 101G W BN B QMmN 2 @ Empa
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What happened during the 2004 presidential election campain in the Ukraine?

2,3,7,8-TCDD, the only congener found

= Poisoned Sunday, Sept 5, 2004 at dinner with SB 2 a o
(Ukrainian National Security)

= Uptake of approximately 1-2 mg 2,3,7,8-TCDD! -

= Second highest TCDD serum level in a human body ever

120,000+

measured 110,000{ , o
= 50°000 x more than the normal population (2 pg/g lipid) 100,000 Serum and Fat based on lipid weight
. N.ov: 23, J Hgnry, St. Mary‘s Hospital, London suggests 90,0001 Serum : TODD () = 106000 (pa/g hw) 6004278
dioxin poisoning 3 800007 t,,, = 16.2 months
(=] i
= Dec. 17, two independent laboratories confirmed that 8 ;z::: ) Fat: TCDD (1 = 107290 (pog tw) =42
exclusively 2,3,7,8-TCDD was found in the blood 2 ol " e
(108°000 and 109000 ng/kg lipid) g8 40:000_

30,000+

Viktor Yushchenko was poisoned with synthesized material, 20.000]

PCDD/Fs formed in combustion reactions, e.g. in certain active

DPFs produce very different pattern! 10,000

0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Months

Sorg, O., Zennegg, M. Schmid, P. et al. The Lancet, 2009, 9696, 1179-85




We surely assess 2,3,7,8-TCDD, but should have an eye on other congeners as well?

Chemical structures of polychlorinated dibenzodioxins

veclivesgivecgiiseciliseciiireciicecihreciiiceciiivecdvesy
feesgiivecdivecgivecgiverghrecgive talive sl o vl v il el
secliivosiireraivesdiserdivecdicocdars s cocaiserglive v
" éz:a}@,@c:z% peecgice cghcosgh roclil rociiivesiilos clk sy
fecedivesy: - Feecdtesiibresibcorihcoriice sl roriiicory
COET GO0 JC00" OCE OCE )00 OO0 L0 CORS GO 00
srsedicocgpsoragiice sl teciicoslibsoriiorordl te s




What are PCDD/Fs?

2,3,7,8-Tetrachlorodibenzodioxin - the most toxic dioxin




Which are the 7 toxic PCDD?

Chemical structures of polychlorinated dibenzodioxins

veclivesgivecgiiseciliseciiireciicecihreciiiceciiivecdvesy
feesgiivecdivecgivecgiverghrecgive talive sl o vl v il el
secliivosiireraivesdiserdivecdicocdars s cocaiserglive v
" éz:a}@g:z% peecgice cghcosgh roclil rociiivesiilos clk sy
LOCC GO [2e0ee Céc:%é ;z}czz? seecliscoriihcoriiice vl rerliicory
peergiivevgivery - o dhesrapcosiasociivecahsoragicecds oo« .
SRR ot B o, e, o, ks, [ o

0. 1x 0. 1x 0.01x 0.001x™\




What are PCDD/Fs?

2,3,7,8-Tetrachlorodibenzofuran




Which are the 10 toxic PCDF?

Chemical structures of polychlorinated dibenzofurans
0.1x 0.1x 0.1x 0.01x 0.01x 0.001x




What are PCDD/F?

Polychlorinated dibenzodioxins/furans (PCDD/Fs)

3 9 1 5 9 1 Cly -8
Cli_g 8 2
7 3
7 3
O
6 O 4 6 4
PCDFs: C]EHS.XCEO x=1-8 PCDDs: C12H3-HC|;{02 X=1-8

PCDD/Fs: CqiaHgClOy x=1-8 y=1-2




There are some reasons to worry about PCDD/F formation in DPFs

The DPF: a perfect chemical reactor

* Elongated residence times

* Accumulation of precursors
* |deal temperature range (260-440 °C)
* Large surface areas, heterogeneous catalysis

* Active catalyst coatings or fuel-borne catalysts

De novo formation is possible during 75-80%
of operation time in the ISO8178/4 cycle

A

Torque

750
[°C]
600+

4501 ____

300+

150

.......

......

20

40

60

80 [min] 100



Mg-quantites of chlorine are more than enough to produce pg-amounts!

Potential chlorine sources

* Commercial diesel (<2 ug/qg)

* Intake air contains ug quantities of chlorinated
hydrocarbons (several ug/ms in Zurich)

* Lubricants contain Cl-containing additives (>100 ug/g)

* Street dust & urban aerosols (deicing agents)

* Marine aerosols

Worst case scenarios with 10 and 100 ug/g fuel

..-I:I-'I"-.I_. 2Tt -.?: -----
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emissions of inactive DPFs are on average 4 +/- 3 pg/L
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So far, only 3 of the 37 tested DPFs induced a PCDD/F formation?

Bt A W

2.3,7.6-TCDD Emissions

100x

900

[pg/L fuel]




These 3 active DPFs exceeded the MWI emission limit of 100 pg/m3 exhaust

2 3.7 8-TCDD Emissions

171 2

+ 5
v
,‘ cu S 5 %
12000 — © T ©
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3000 S Fe/Cu o s FelK?2
O ¥ O =
D Iu | i

8 Heeb. et al. Env. Sci. Techn., 2013, 47, 6510-6517 g - Heeb. et al. Env. Sci. Techn., 2015, 49, 9273-9279




Moving targets in nanoparticle abatement

« Risks and health impact of exhausts containing

combustion-generated nanoparticles
— What should you know about it?

« Catalytic particle filters
— Do cPFs detoxify combustion engine exhausts?

« Secondary emissions of emission control devices =@
— How to avoid or manage them? ‘

@ Empa

Materials Science and Technology




Invitation and call for e-papers to the ﬁ e-Exhibition

25th ETH-Conference on -_'I-Z! -. rIuEJI l.'-=.'|-||:l|t-:"!-l:lr- I -:I-.'-. T-::-:Ja{rf-'!'-:frl .I'|:-|'1.IF.|.EI'|-'.EJ-
tion {PMI) and emission control devices (ECDs) s an Imporiant

Combustion Generated part of the conference.

N d nopa rtICIeS For further Information and registration contact

Prof. Dr. H. Burtscher (PMI)

Focus Event: : E-mall: helnz.burischergmnw.ch
New legislation to guide the world i

- Dr. A. Mayer (ECDs)
June 21 - 23, 2022, online h E-mall: tm.a. mayerdoiuewin.ch

www.hanoparticles.ch

ETH:zirich Important Dates and Deadlines
Scope » Reglstration opening: February 25, 2022
The conference serves as an interdisciplinary platform for
expert discussions on all aspects of nanoparticles, freshly ﬁ » A0stract submission for ozl and e-posier presentation
emitted from various sources, aged in ambient air,
technical mitigation aspects, impact of particles on health,

environment and climate, and particle legislation. i Y T T = TR TR (R T RSO A e
The international conference brings together representatives - SRR T S

from research, industry and legislation. - fonmation " DS = it= al! '1'.| 0 I3

Under the auspices of the FOEN, SCS and ETH

Organized by the NPC-association

et e Deadlines

Abstract submission for oral and video poster presentations
and exhibition applications: April 22, 2022

Information on acceptance by May 20, 2022

by Empa

Registration and Conference Fee
Online registration opening February 25, 2022
under www.nanoparticles.ch/registration.

No conference fee, sponsors welcome.
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A combined effort with many important contributions

VERT team: Andreas Mayer, TTM, Niederrohrdorf
Jan Czerwinski, Sandro Napoli, Tobias Neubert, Thomas Hilfiker, Samuel Burki, Peter Bon
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,{%@men ] - ARNa-
Urs Gfeller, Maria Guecheva, Peter Graf, Roland Graf, Erika Guyer, Regul \
Honnegger, Judith Kobler, Martin Kohler, Peter Lienemann, Alfred Mack'*Peter Mattre 3
Martin Mohr, Joachim Mohn, Christof Moor, Maria Munoz, Andreas Paul’ eter Schmt

Cornelia Seiler, Andrea Ulrich, Heinz Vonmont, Thomas Walter, Ma

Daniela Wenger, Adrian Wichser, Simon Wyss, Markus Zenneggf;"Kgr tin-Z

-. ;.;,‘ : .l_ s‘\ “ Ao
Governement: Peter Bonsack, Philipp Hallauer, Giovanni Di'Urbano;“FelixaReutine
Gerhard Leutert, Martin Schiess, Swiss Fed. Office for Envnronment ;qunh %
Thomas Gasser, Heinz Berger, Gerhard Stucki, Swiss Federal Road Offlge\

Filter- & catalyst manufacturers: >60 different diesel partlculate fllter syst' s

SCHWELZ. CHEMISCHE GESELLECHAFT  SCG
SOCIETE SINSSE DE CHIMIE S5C
SWIS5 CHEMICAL SOCIETY pi%3
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