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What to do in case of marine olil spills?

Oil spills at sea impair coastal areas, marine
ecosystems and human health.

Spill managers have to
 choose effective spill response measures

* minimize the damage to the environment and
human health.

-> Choice to be made
* use of dispersants
* Or other response measures
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What are dispersants?
How do they act?

surfactants in one or more solvents

reduce the interfacial tension between
the oil and the water phase

enhance break-up of larger oil volumes
Into little droplets

Pro:

+ reduce surface slick / wind drift of oil /

reduce oil reaching shoreline

+ protect sea birds

+ enhance biodegradation

Con:

higher bioavailability of oil components to
pelagic and benthic organisms

Incorporation of oil into sediments
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Modelling of environmental distribution /drift
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Scenario 2: e:::

Often North/Western Winds

->Wind pushes oil slicks
towards the coast.

Dispersion of oil will reduce the
wind drift.

=> Dispersants can reduce the
amount of spilled oil entering
the World heritage site and
reaching the shore.
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Net Environmental Benefit Analysis (NEBA)

A benefit Is assumed if oll is kept outside of the sensitive areas
by the use of dispersant.

What can be expected if oll is shifted between different
sensitive zones within the zones?

 How does the use of dispersants influence the environmental fate of oill
components?
 How is the exposure of different organism groups altered?

 How is the human exposure modified?

-=> Can dispersant use be an option inside the sensitive zones?

P: BfR



Complex ecosystem and foodweb
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Multiple exposure pathways

EXxposure via

water phase

food

dermal contact

Inhalation

potentially relevant
for environmental
targets

and humans
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The VERMEER Dispersant/Oil model

General overview
Chemical
dispersant
Water surface

Oil surface slick N\A

Dissolved Water
/ Oil droplets ,L— fraction Accomodated ~ Water column

= Fraction (WAF)
Dissolution

Bioaccumu-
lation

/N

Food web

I cimen
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The oill-dispersants case study
General environmental exposure scenario - concenptualisation

4 I Air

« Mass transfer of petroleum hydrocarbons
between environmental and biota compartments
(water, soilds, air, animals)

« Multimedia modelling

MacLeod, M., et al. (2004). "Applications of Contaminant Fate and Bioaccumulation
Models in Assessing Ecological Risks of Chemicals: A Case Study for Gasoline

1. Oil entrainmentand 2. 0Oild r0p|et dissolution Hydrocarbons." Environmental Science & Technology 38(23): 6225-6233.
droplet formation

3. Bioaccumulation
4. Evaporation

|

Time dependant concentration of
petroleum hydrocarbons in water, air, biota
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The dispersants case study
Target chemicals

Petroleum products:
* Petrol

* Diesel

« Kerosene
* Heating oll
« Lubricants

e Crude oil

Each petroleum product can be divided into
petroleum hydrocarbon fractions according to

Equivalent Carbon index* (EC)

Each fraction can be represented by one or

more representative (surrogate) hydrocarbons

* |t is estimated based on a boiling point of a given hydrocarbon

Equivalent Carbon index*

Surrogate hydrocarbon

Aliphatics
I5-6 n-hexane
>6—8 n-heptane
8-10 n-octane
n-nonane
>10-12 n-Undecane
>12-16 n-Tetradecane
>16—-21 n-Octadecane
Aromatics
5—7 benzene
>7-8 toluene
xylenes
>8-10 ethylbenzene
1,2,4-trimethylbenzene
>10-12 naphthalene
2-methylnaphthalene
>12-16 acenaphthylene
acenaphthene
fluorene
516-21 anthracene
phenanthrene
pyrene
benzo[a]pyrene
benzo[b]fluoranthene
52135 benzolk]fluoranthene
benzo[ghi]perylene
indenol[1,2,3cd]pyrene
chrysene
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Processes and variables affecting fate of oil in water

Processes . .
Forcing variables

: @otodegradatiD
Evaporation Wave
Adsorption EntrainmenD energy
Gmulsiﬁcation Temperature
Degradation =
BiodegradatD Chemical
. dispersant
. Aggregation
ResuspensD Spreading
. . QSSOlU“D@accumulatD Parameters
Sedimentation
VolatilisatioD
- D s

C.

State variables

Co
/ CSediments /
Cwater D
/ COrgans /

V: BfR



Model for distribution of oil components in marine ecosystems
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Uptake by respiration (Transfer)

D Invertebrate. Uptake_by_respiration
Sub-system: [ - INWERTEBRATES

Unit: mg 471

Source: VWater

Target: Invertebrate rezpiratery system
Dimension: Invertebrates,

Materials
Equation

kupt,ake. resp,invertebrate” Cai 5, seawater | Vinvartzbrate UM |‘tL. per, kg, w3

where
Name Unit Input Full name
from
il Concentration of
C dis, seawater mgm-  fate chemicalin
model dissolved seawater
Respiratory uptake
kupbake.resp.in'.lertebrate kg kg" d-1 rate constant for
organics
L T — Lkg™ unit_L_per_kg_water
unit 1 .1 Unit conversion fram | |
m3.perl mL L to m3
Invertebrate weight
W vertetrate kg at maturity
< >
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What can be done with the model?

Anaylsis:

Which compartment will be most effected by the oil?

How will concentrations in a compartment will evolve over
time?

How does increased dispersion modify the exposure of
different organisms?

=> Provide advise for the spill response prepardness
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Comarison of two oll types

Concentration of dissolved hydrocarbon (Aromatics C16-21) in hering without dispersant
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