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VERMEER Dispersants/Oils -

Chemical fate in a simple aquatic 

ecosystem 

Matthias Grote, Artur Radomyski



What to do in case of marine oil 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

https://response.restoration.noaa.gov/sites/default/files/styles/gallery_active_image/public/images/vicki.loe/skimming.OWJA_.jpg

https://www.micfil.net/hp/portals/0/uploads/pages/micfil-its-time-to-go-green-01.jpg

https://response.restoration.noaa.gov/sites/default/files/styles/gallery_active_image/public/images/vicki.loe/skimming.OWJA_.jpg


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



Modelling of environmental distribution /drift

Drift of undispersed/dispersed

oil after 2 hypothetical

accidents

Scenario 1: :::

Scenario 2: :::

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.

 undispersed                    

::: dispersed



Net Environmental Benefit Analysis (NEBA)

A benefit is assumed if oil is kept outside of the sensitive areas 

by the use of dispersant.

What can be expected if oil is shifted between different 

sensitive zones within the zones?

• How does the use of dispersants influence the environmental fate of oil 

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?



http://penyu.nl/wp-content//WaddenSeaFoodweb_penyu_nl_.png

Complex ecosystem and foodweb



Multiple exposure pathways

Exposure via

- water phase

- food

- dermal contact

- inhalation

potentially relevant 

for environmental 

targets 

and humans

CC-BY SA 2.0 –Licence. https://www.flickr.com/photos/30839999@N06/2886237724/

https://pixabay.com/de/photos/austernfischer-watvogel-wattwurm-3657983/

https://www.flickr.com/photos/30839999@N06/2886237724/


Dispersion

Oil droplets

Oil surface slick

Chemical 

dispersant

Water surface

Water column

Dissolution

Dissolved

fraction

Water

Accomodated

Fraction (WAF)

Dissolution

The VERMEER Dispersant/Oil model
General overview

sediment

Food web

Bioaccumu-

lation



• Mass transfer of petroleum hydrocarbons 

between environmental and biota compartments 

(water, soilds, air, animals)

• Multimedia modelling

4.     Evaporation

4

The oil-dispersants case study
General environmental exposure scenario - concenptualisation

Time dependant concentration of

petroleum hydrocarbons in water, air, biota

MacLeod, M., et al. (2004). "Applications of Contaminant Fate and Bioaccumulation 

Models in Assessing Ecological Risks of Chemicals:  A Case Study for Gasoline 

Hydrocarbons." Environmental Science & Technology 38(23): 6225-6233.



Petroleum products:

• Petrol 

• Diesel

• Kerosene

• Heating oil

• Lubricants

• Crude oil

Each petroleum product can be divided into

petroleum hydrocarbon fractions according to

Equivalent Carbon index* (EC)

Equivalent Carbon index* Surrogate hydrocarbon

Aliphatics

5–6 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

>8–10

xylenes

ethylbenzene

1,2,4-trimethylbenzene

>10–12 naphthalene

>12–16

2-methylnaphthalene

acenaphthylene

acenaphthene

>16–21

fluorene

anthracene

phenanthrene

pyrene

>21–35

benzo[a]pyrene

benzo[b]fluoranthene

benzo[k]fluoranthene

benzo[ghi]perylene

indeno[1,2,3cd]pyrene

chrysene

The dispersants case study
Target chemicals

Each fraction can be represented by one or

more representative (surrogate) hydrocarbons

* It is estimated based on a boiling point of a given hydrocarbon



Evaporation

Degradation

Adsorption

Adherence

Settling

Resuspension

Biodegradation

Photodegradation

Emulsification

Entrainment

Chemical 

dispersant
Aggregation

Spreading

Wave 

energy

Sunlight

Sedimentation

Volatilisation

Dissolution

Dispersion

Bioaccumulation

Processes and variables affecting fate of oil in water

Processes
Forcing variables

Parameters

KOWSi

Temperature

KOC KOA Hi
State variables

CBiota

CWater

…

…

…

CSediments

COrgans

…

Dissolution

CWater

Si

Adsorption

CSediments



Model for distribution of oil components in marine ecosystems



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



Comarison of two oil types

0

10

20

30

40

50

60

70

80

90

0 200 400 600 800 1000 1200

m
g

/m
3

time (h)

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

Ekofisk

Endicott



G
E

R
M

A
N

 F
E

D
E

R
A

L
 I

N
S

T
IT

U
T

E
 

F
O

R
 R

IS
K

 A
S

S
E

S
S

M
E

N
T

Thank you for your attention

German Federal Institute for Risk Assessment

Max-Dohrn-Straße 8-10  10589 Berlin, GERMANY

Phone +49 30 - 184 12 - 0  Fax +49 30 - 184 12 – 99 0 99

bfr@bfr.bund.de  www.bfr.bund.de/en


