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Ship emmissions and human health: a global problem
- Modelled cardiopulmonary mortality due to ship emmissions -

Corbett et al., ES&T 2007
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Sulphur in ship emissions generates clouds

http.://www.isgtw.org/feature/clearing-cloudy-view-cloud-formation
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Particle deposition in the lung

Morawska, 2009
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+ 1600 mg sulphur/kg

<10mg Schwefel/kg ab Jan 2013 DIN EN 228: 2013-01, standard in Germany since 2003




London smog: lethality

Bell and Davis, Env Health Persp. 2001






Ship emissions will increase



Effect of sulphur removal from ship fuel



Effect of Sulfur in Ship Fuels on Mortality

Winebrake et al., ES&T 2009



HFO DF



HICE

Testing toxicity of anthropogenic combustion:

ship diesel exhaust



Studying the causes of health effects of combustion-derived
aerosols in the framework of the Virtual Helmholtz Institute
HICE: Concept and first results on ship diesel aerosols
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Harbour manouvering test cycle
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Anorganic composition of the exhaust particles
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Organic composition of the exhaust particles
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Switching from light fuel oil (LFO) to heavy fuel oil (HFO) =
Increase of Polycyclic Aromatic Hydrocarbons (PAH) in exhaust gas
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Human bronchial epithelial cells
- BEAS-2B immortalized -



Exposing human cells at the air-liquid interface







Human bronchial epithelial cells
- BEAS-2B immortalized -



Genome wide RNA target analysis *
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HFO * DF >4-fold regulated genes-

HFO  DF



»,top 10" most regulated

Genome Proteome Metabolome






Summary of Effects
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Rather specific pathways are Rather general activation of (T
activated, partially strong genome

wide)
» Cytokines (Inflammation)
« Xenobiotic metabolism * Inflammation (Cytokines)
« Apoptosis « Xenobiotic metabolism
* Immune defence stimulation « Apoptosis

 PAH metabolism (CYP1A1)




Conclusions

» To get approx. equal effects HFO was diluted 1:100;
LFO 1:40

» Particles were more toxic than the gaseous phase

» HFO # DF: HFO had more organics and less but
stronger toxic effects, DF had more different effects

» Removing sulphur is not enough to eliminate the
adverse health effects

» We expect particles to be the main culprit for the DF
health effects. (Oeder et al., PLOSone 2015 in press)
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Rapid at-site assays for cytotoxicity: Determination of dilution-factor

LDH-Assay

1\ cell

Lactate dehydrogenase (LDH)

|

quantification with
enzymatic assay

= reflects amount of cells with
damaged membrane (=dead)

high red intensity = high LDH release



Rapid at-site assays for cytotoxicity: Determination of dilution-factor

AlamarBlue Assay
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. A549 - adenocarcinomic human alveolar basal epithelial cells
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S 2B - RAW 264.7 murine macrophages

Metabolomics:

Full aerosol induces stronger
changes than the filtered aerosol
(gas phase).

=» Central C-metabolism is not
affected (labeling!) but other
pathways are significantly regulated.

log2-fc
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Gene-Name |Gene-Function accosciated with
IL1 Regulation of immune responses, inflammatory reactions, and hematopoiesis
Ch4 Co-receptor assisting the T cell receptor (TCR) in communicating with an antigen- Inflammation
presenting cell, Inflammation
GLYAT Detoxification of a wide range of xenobiotic and endogenous metabolites
CYP1A1 Xenobiotic and drug metabolism, Metabolic activation of aromatic hydrocarbons
(polycyclic aromatic hydrocarbons, PAH)
CYP3A4 Catalyze many reactions involved in drug metabolism
CYP26C1 Catabo!ism of aII.-trzfms- f';md 9-cis'-retinoic aciq, and thus contributes to the Xenobiotic
regulation of retinoic acid levels in cells and tissues .
CYP26A1 [Regulates the cellular level of retinoic acid which is involved in regulation of gene metabolism
expression in both embryonic and adult tissues
CYP11B1 [Involved in the conversion of 11-deoxycortisol to cortisol in the adrenal cortex
SULT1E1 Catalyze the sulfate conjugation of many hormones, neurotransmitters, drugs, and
xenobiotic compounds
IGF1 Important role in childhood growth and continues to have anabolic effects in adults
IGF2 Major fetal growth factor Cancer induction
Jun Cell cycle progression and anti-apoptotic activity
Caspl10 Execution-phase of cell apoptosis
CRADD Induction of cell apoptosis
HRK Activator of apoptosis
CASP7 Apoptosis
MAPK10 Regulatory roles in the signaling pathways during neuronal apoptosis Apoptosis
NFKB Immune response, Cell proliferation, Cell death
CYCS component of the electron transport chain in mitochondria, initiation of
apoptosis
CASP3 execution-phase of cell apoptosis
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Particles: Measured Emissions

- at ALI-exposure system -

General parameters: Size distribution

HFO

LFO




PM;, [Mg/m3]

Diurnal Variation: Bremen (traffic site)
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Number [+106]

Vehicle development in Germany

Year

Statistisches Bundesamt, Verkehr in Zahlen 2006
























Respiratores Epithelium Deposition von Partikeln

zyl. Flimmerzelle
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uelle Figur: Prof. N. Kr rs. Mitteilun
D=Diameter, UF=Ultrafeinstaub Q@ g 0 ug, pers. Mitteiung






Ship diesel exhaust components

SO,
NO,
CcO
NO,

PM (TSP)

THC

400-550ppm
1-10 ppm
50-300 ppm
600-750 ppm
665.0 pug/ms3

150-270 ppm

1-10 ppm
61-50ppm
70-350 ppm
600-700 ppm
14.4 pg/ms3

200-350 ppm

* 1.6% Sulphur (world average 2.7%, max. 4.5%)
** Diesel according DIN EN 590: <10 ppm Sulphur



Eyring 2010



Toxicity in at the Air Liquid Interface

- 1hr exposure, BfRA -
Current Exclusion Method

0.01 1 100ppm FA= formaldehyde

Comet Assay

0.01 1 100ppm _
Smirnova et al, BfRA 2012



Ship-fuel

Regulations of fuels

Automotive-fuel
DIN EN 590 *

~" _ _ _1

|l N | | il o W' o W P

Abgasnorm

Euro 1
Euro 2
Euro 3
Euro 4
Euro 5
Euro 6

e O T

spétestens Schwefelgehalt Cetanzahl
. Januar 1893
. Januar 1896
. Januar 2001
. Januar 2006
. Januar 2009
. Januar 2014

max. 0,200 % min. 49
max. 0,050 % min. 49
max. 0,035 % min. 51
max. 0,005 % min. 51
max. 0,001 % min. 51

*<10ppm Sulphur






NaCl (0,7mm)

Sources of particles

Mold spores
Biogenic Anthropogenic
» Spores Y Heating 27 %
» Bacteria
» Sea salt

» Bronchosomes — Industry 19 %

» Crustal materiall (Sand etc.)
» Combustion of vegetable Material
> Pollen

Agriculture and
— life stock 12 %

Transport of particles 4 %

” .,_;__.7

1 Source: Emissionskataster Bayern, 2004
.

Birch ﬁ;ollen ‘

Traffic: « 26% Off-road Diesel

» 63% On-road vehicles (of those
ca. 70 % Dieselfahrzeuge)

Bronchosomes









Measured Emissions
- at ALl-exposure system -
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sum Benzofluoranthenes
PAH TEQ
Benz[a]anthracene-7,12-dione
Benzo[ghi]perylene
Dibenzo[ah]fluoranthene
Indeno[1,2,3-cd]pyrene
Chrysene
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Benze[e]pyrene
Perylene
2-Methylphenanthren
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7H-Benz[de]anthracen-7-one
Fluoranthene
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Sum CH_2 PAH's
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Measured Emissions

- at ALIl-exposure system -

homologous series of:
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Heavy Fuel Oil
=>larger PAH’s,
=>higher alkylated
homologues



HICE ship diesel engine campaign: Exposure of human lung cell assays
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HICE ship diesel engine campaign: Aerosol characterization
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Particle deposition in the lung

Morawska, 2009



