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Ship Emissions

-
400,000 premature deaths from
lung cancer and cardiovascular
disease

14 million childhood asthma cases
annually

Sofiev, M. et al. further reading:
Nat. Commun. 9, 406, (2018)

Corbett, J. J. et al. Mortality from ship emissions: a global
assessment. Environ. Sci. Technol. 41, 8512 (2007).

comparable amount as land-based w . . . .
emissions Liu, H. et al. Health and climate impacts of ocean-going vessels

Eyring V, et al. J. Geophys. Res- in East Asia. Nat. Clim. Change 6, 1037-1041(2016).
Atmos. 110:D17305 (2005)

Viana, M. et al. Impact of maritime transport emissions on
W coastal air quality in Europe. Atmos. Environ. 90, 96-105, (2014).

strong climate impact Jalkanen, J. P. et al. A modelling system for the exhaust

emissions of marine traffic and its application in the Baltic Sea
area. Atmos. Chem. Phys. 9, 9209-9223 (2009).

Eyring, V. et al. Atmos. Environ.
44, 4735-4771, (2010).

Eyring, V. et al. Multi-model simulations of the impact of
international shipping on atmospheric chemistry and climate in
2000 and 2030. Atmos. Chem. Phys. 7, 757—780 (2007).

if running on bunker fuels, large
emissions of sulfur, metals, organics

Streibel et al., Environ. Sci.

Lack, D. & Corbett, J. Black carbon from ships: a review of the
Pollut. Res. Int. 24(12) (2017)

effects of ship speed, fuel quality and exhaust gas scrubbing.
Atmos. Chem. Phys. 12, 3985-4000 (2012).
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Elemental/Organic carbon (EC/OC), Metals, Sulphate

CO,, NOy, SO,, volatile organics etc.
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Particle Morphology

Alveoli

Passigetal., | (b) Bunker Fuel Particles
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Percival Pott proves the correlation between cancer and soot at

cATmMney sweeps scrotum

= 1928: Lawther proves correlation between traffic in London/Wales and
lung cancer

= 1936: first assumption in the German journal “DUST” correlates diseases
to particles< 1 um

= 1959: OSH Convention in Johannesburg defines the submicron fraction
which penetrates bronchi and alveoli

= 1978: John J. Mooney introduces aftertreatment for the petrol engine, the
three way catalyst

= 1982: CARB introduces the first limit value for Diesel PM

= 1989: WHO declares Diesel exhaust probably carcinogenic

= 1993: Dough Dockery: Mortality due to PM2.5 quantified in the Six Cities
Study USA 1978-1993
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Carbon Cores ?

yes!
(deep lung penetration and inflammation)

Organic Coatings?

Duane Loh & Andy Freeberg,

/
sure: SLAC National-Accelerator Laboratory

(carcinogenic PAHSs)

Metal Oxides?

of course!
(redox cycling activity)
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Miller MR, Shaw CA, Langrish JP. 2012, Future Cardiology 8(4):577-602
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Toxic Element Heavy Fuel Oil (,,bunker fuels“) Distillate Fuels (MDO, MGO etc.)
Soot Cores (Elemental Carbon) ™~ ™~
Organic Matter and Carcinogenic PAHs ™ N
Metals ™~ -
Acute (e.g. Inflammation) ™ ™~
Long-term (e.g. cancer, COPD, asthma) ™~ ™
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120 - HFO :El-leavily polluted day
ool _ EZpo [XX]Lightly polluted day. I
% = ol low values: more toxic ~
E 0l g 20 i
s = {300 g
= 60f = l o0
S - =
g I % 15F y o%
| g 4200 E’
%[l l(I)I] 500 : '2
oM EC = S
(a) SO.” M NO, _-E 5
508 B NH, e S 100
§ias Fe,0, I V.0, S
Other
46.1% 2
5 0
39.7% 0 EC, 1IC,
31.1% = 55.8% . .. .
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HFO DO
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Realistic exposure of cells in Air-Liquid-Interface

Research
Ship-Diesel
Engine

Inflammation

Oxidative Stress

Cell homeostasis

-
->

0
0
O
Response to chemicals L)
Cellular stress response 1\
Motility A
Endocytosis A
Energy metabolism -

Protein synthesis -

Protein degradation -

RNA metabolism -

> € > €3 5> 5> >

Chromatin modifications -

Oder et al., PLoS one, 2015

HICE * Aerosols and Health aeroHEALTH of_ Sapcariu et al., PLoS one, 2016
Helmholtz Virtual Institute of Complex __ .
v Molecular Systems in Environmental Health HELM HOLTZ 7 c Kanasha.ova. et al, Anal Bloanal Chem, 2016

International Lab Streibel et al. Environ Sci. Poll. Res., 2017
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0.1 % Sulphur Emission Control Area (SECA)
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Sofiev, M. et al. Nat. Commun. 9, 406, (2018) :

But the health benefits depend
Global 0.5% S Cap = 30..50 % reduction in premature mortality and morbidity

on the fuel types used!

Toxic Element Heavy Fuel QOil (,,bunker fuels”) Distillate Fuels (MDO, MGO etc.)
- desulphurized (,,hybrid fuels”) <0.5% S ?? ”?

Soot Cores (Elemental Carbon) ™~

™~
Organic Matter and Carcinogenic PAHs ™ ™
Metals ™~ -
T N R
Acute (e.g. Inflammation) ™~ ™~
Long-term (e.g. cancer, COPD, asthma) ™~ ™
*L. Johansson et al., Atmos. Environ. 167, 403-415 (2017)
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open loop systems
bannedin e.g.

>90% removal of sulphur

~30...50% reduction in PM 2.5

4

Heavy Fuel Oil (,,bunker fuels”) Distillate Fuels (MDO, MGO etc.)
__

Soot Cores (Elemental Carbon)

Singapore 2019!

Organic Matter and Carcinogenic PAHs ™~ T T
Metals
___
Acute (e.g. Inflammation) ™)
Long-term (e.g. cancer, COPD, asthma) ™~ ™) ™

But where is the rest?

highly recommended: »open loop” »Closed loop”

Hulda Winnes et al., Closing the Loop, )

report, IVL Miljginstitut, 2019 strong effects requires land-based
on marine life! waste management

A~ CHig TR
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Diesel Particle Filters
The Highly Desired Technology
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P. Lauer, ETH-NPC 2012

www.vert-dpf.eu

Diesel particle filters can safely remove PM2.5

—>BACKPRESSURE DEVELOPMENT
Irreversible due to high ash content

= Fuel Quality is limiting!

Why not in ships?
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JOINT MASS SPECTROMETRY CENTRE A substantial difference

SECA-compliance >95%
in the North/Baltic Sea: » few srcubber systems
most ships on MDO/MGO

A) Pre SECA : B) Post SECA C) Difference

L. Barregard et al., Int. J. Environ. Res. Public Health 16(11), 2019

Annual Premature Deaths : -1000 (-37%)

PM?2.5 reduction

non-fatal stroke and heart attacks: -1000 (-30%)
by SECA lead to

years of life lost: 17,000-38,000 = 11,000-25,000
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JOINT MASS SPECTROMETRY CENTRE A 0.1 % SECA remains highly desired from the health perspective!

The 2020 GLOBAL 0.5% Cap

* High uncertainty on the fuels * small health benefits

* low-quality desulphurized (LSFO)-fuels will play a key role » possible increase in carcinogenic PAHs
* higher-quality MDO/MGO usage uncertain by high-aromatic blends

* scrubbers uncertain

A Mediterranean 0.1% SECA e substantial health benefits

* higher-quality MDO/MGO will dominate (see Baltic Sea) » * many 1000s reduction in mortality and

» same fuel as North/Baltic 2 high compliance morbidity

» few scrubbers * comparable situation to North Sea/Baltic
Future Particle Filter Solutions * optimum health and environ. benefits

* more realistic for high-quality fuels * substantial reduction in mortality and

* optimum PM2.5 reduction morbidity from shipping

Frankreich o
Rumanien ;

Bukarest
[}

sahlama
Pl

/ cr, Maroko s SN, . marinetraffic.com
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HELMHOLTZ
Th a n k YO u ! RESEARCH FOR GRAND CHALLENGES

aeroHEALTH gL
rewmarz “)nC

Your Job: Improve the policy £ | Buniesministeriom

und Energie

. o ope = o
Our Job: Improve .the SCI.entIfIC b.aS|s . pho.l.“w“"onlon
* global and regional air pollution modelling

* epidemiolo FG Deutsche
g . &Y D Forschungsgemeinschaft
* unraveling the health effects

* improved measurement techniques

* on-line monitoring and surveillance

/—\\
ﬁ \ Great! Thanks to
W climate change, we

s, Can get much closer!
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