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MAMPEC — short history

Processes addressed

New features version 3.0

Ballast water scenario

Status and future work
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Use of MAMPEC by Regulatory Authorities

« US- EPA

e EU

e Japan

e China

e New Zealand

« [MO — Ballast water substances
N )eltares
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Brief History of MAMPEC

1996-1999 commissioned by CEPE Antifouling Working Group
as part of EU project “Utilisation of more environmental friendly
antifouling products” (96/559/3040/DEB/E?2)

Steering committee: EC, MS, Industry, IMO

Model upgrades commissioned by CEPE: 2002 (v 1.4) and
2005 (v 1.6), 2006 (v.1.6.03), 2008 (v2.0/2.5), 2010 (v3.0)

Model referenced in the EU-OECD Emission Scenario
Document for A/F paints PT-21 (2004)

Reviewed in EU for the BPD 2004 — to date

MAMPEC-BW (2010) for ballast water exp. assessment
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OECD Exposure assessment

 Emissions: ESD Document
e Service life

— Application, maint. & repair, removal
o Estimation of leaching rate

— ASTM / ISO

— In-situ Dome method

— |SO mass balance

MAMPEC

Marine sriicalsnt madel 1o predict environment sl concentrstions.

« EXxposure modelling (PEC):
— MAMPEC
SN GE
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MAMPEC - fate and exposure / main factors

Environmental Fate of a Marine Antifoulant

Deposition
Wolatilization
Aerosal

L Degradation

o Biological
Hy draly sis o Degradation
Speciation  Sorption to
particlate matter-——""—" T

Hy drody namic
. transport
; - fide, currents
. Binaccurnulation - density (S)

el Sediment Settling
Bl i i , and Partitioning
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General structure of MAMPEC — workflow v1.0-2.5

i}
. MAMPEC 2.0 Release Candidat ([=]

EErssssssssssssssss————————l _ Main input:
e R e Environmental settings

e Emission estimation module

emo

Harbour

Output:
» PECs water and sediment
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Main Input Data

e Main input data:

8

Environmental settings

— Marinas

— Harbours

— Shipping lanes

Biocide properties

— Phys-chem data

— Environmental fate

Emission estimation module

— Number of boats — size, submerged surface area
— Leaching rate

Deltares
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Examples of prototype environmental scenarios

|

N
1 Commercial harbour 3 Marina 4 Shipping lane
Estuarine harbour Open sea

F
— >

e
x1 x2

5 Open harbour



Hydrodynamic exchange in MAMPEC

High Tide
Tidal Range

I.nw Tl'.d&

2. Salinity difference

EEEEEES

3. Horizondal flow In relation to dimensions
(harbour layout) | " concentration
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Hydrodynamic exchange

4. additional exchange due to
wind driven currents

5. other non tidal water level
changes (important in
absence of previous
exchange mechanisms)

S eltares
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MAMPEC degradation processes

 Degradation
— Water
— Sediment
Abiotic
— hydrolysis
— photolysis (2 options)
— Speciation (e.g. copper)
e Biotic
— Biodegradation (aerobic+anaerobic)
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e number of boats

e Sjze, wet surface area
of boats

e residence time

= 5 g X ‘
wh { ot >
%, Ly 2
o 2
o WA . ()
% et
{
A
AR

e |leaching rate (paint matrix, Temp, velocity,..)
o application factor (market share)

Product-1

Product-4 10%

20%

Q.
‘ 30%

Product-3
40%

Product-2
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Objectives Version 3.0 MAMPEC 3.0

14

Compatability with Windows Vista / 7 e, S

New emission scenarios for new-build and docking
activities - full assessment according to ESD

Multi-lingual support (Japanese in v2.5, Chinese)
Analysis of fate and most important fluxes

Plot of PEC-profile downstream harbour

Copper speciation according to WHAM and BLM

In response to comments: extension of sediment module
(org-C handling and degradation; concentration basis
already in v2.5)
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Environment in v3.0 — Example: OECD Comm. Harbour

== Mampec 3.0 [Zl@gl

File Langusge Help

Model | o
s Licls Load
aSS—
Description EOECD-EU Commercial harkbour | find
Campauind —Eml i fi] |
d 4 Harbour type | Commercial harbour ~ F_" sz Average wind speed : mis
- = T X3 Fraction of time wind perpendicular |0 |55
Emission “eference ESD-PT21 Takle 0.5 - )
‘ : x1
y1 Flush
Run e Flush f) r | wess
f "x2 _—
Max. density difference flush [ :
& a5 Runmodel & view results | ¥ 0 kg
Hydradyramics Layrout Harbour lay-out data, used for density flow exchange
{:E Muttiple runs r i 3 _ _
Tickal period hour Length x1 1000 | m m Height of submerged dam o | m
_ Import / export IEEHEEREE | m ficth yl 1000 | m m Width of submerged dam [ | &
o MeegidmstntieriCedbe kgl Depth & |m Depth-MSL in harbour ertrance b |4 -
il : ; o L |
Mo tidal daily water level change m s «3 2500 i Exchange apssdiesmmemmeeii - = . "
] i ) = = (belgwrMean sea level) a |
. Export Flawa velocity (F) |1 | s
ater characteristics Geteral Calculsted exchangs volumes (rr®tide)
WO r M e rration [ = Latitude (80| * (dec) NH Tidal |7 SD0E+006 | 1485 %
POC cohcertration i Harizontal |3 166 E+00G 17.91 %
f I O W =g Sediment - 3
2 - | o
DG G corcertratiot o : . Density induced .3 452E+UQ? | G744 %
| Depth mixed sediment layer 0.2 m q
- fing driven |0.000E+000 0.00 %
Chloraphyll | pogn 1000 - = |
| ; ’ . = i
N D SRy 5 £ hlon fitl 0.000E+000 0.00 %
Sty e Degr. organic carbon in sediment o 14
Temperature C Mett sedimentation welocity 1 | il Total 51 19E+007 [ m3 i tide
pH Fraction organic carbon in r . - : :
sediment |0.02852 | |25 | % ide
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Compounds in v3.0

== Mampec 3.0
File Language Help

Model ™= B B

et Save Sawe a5 hew

g Erwiranment - .
: Compound description | TBT [ C&5 number

;i .::gm:u:.l_u'u:i | S _l-_ BT EINECS number

i Emiz=ion

Run

Malecular mass _290 04 | Reference
Saturized wapour pressure at 20 *C -8.5E—05
Solubility st 20°C :1 &)

Depth and 24 b averaged degradation rates
Water (disz.) SedimentfSPM
Rate Constant [day] Halfdife (daw) Rate Constant (day) Halfdife (daw)

" Degradation rate - sbiotic -5t 20°C [ n.00E+000 | [finity ' |0.dpE+0on | [ nfinity
Degradation rate - photolvtic - st 20°E  [0.00E+000 W irieity | o, W ety
Degradation rate - hiological -at 20 *C 41 OE-002 | 1 BEE+001 . ] ;4.93E+EIEIE

|:| ze advanced photolvtic

Octanal-water partition coefficiel = |3.80E+000 ' (10 log ko Estimate mizzing values

Partition cosfficiert Koo E4EUE+UUU | (M0 log Koo (kaQC) Meting temperature :U

Henry's constant at 20 *C iQ.UUE—UUE | (Pa.m®mol) Acid dizzocistion constant pka EU

ke
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V3.0 Emission

== Mampec 3.0

Fil= Larguage Help

Model

ﬂ Enviranment

Compound
gl Phatal

3

Run

Emizsion
DECD-EL Comrmercial Harbour

&os Run madel & wiew resufts
GO0 Mulliple runs
{‘-E 3
Import f export

bl Irnpport

1 Export

a3 =
Tlew Load
Description ibECD-EU Cormmercial Harbaour : Emiz=zionz from =ships at berth 22303.145 i oid
Emiszions from moving ships E'I 9192275 | i
Reference T
Cther emissions |0 | gid
Tetal emission 2495 06775 | o
Calculate emission
Service life ' Application £ removal
Service life

100-180
150-200
| 200-250

280-300
o

o o o o

Leaching rate (at berth)

Leaching rate (mowing)

Length class (m)

Surface area (m2)
1163
sy
6333
.10459
. 15640
.D

Lo e [ s e

# Ships at berth (id)

11

8

[T

oo oo o|m

s |
s |

padcm®fd

padcm®fd

# Ships maving (fd)
1.8

. 0.4
0.4

. 0.1

. 0.1

. a

ol o|jlo | o

Application factor (%)

a0

Q0

a0
lan
a0

ol o o o o]

Ships at herth
Ships maving
Loplication professional
Mew building
Mairtenance

Remowal

Totals

Total service life
Total new building
Total maintenance

Total removal

Tatal

2 30E+003

1.92E+002

0.00E+000

0.00E+000

0.00E+000

2.50E+003

0.00E+000

0.00E+000

0.00E+000

2 80E+003

aidd

gid
gid

o]

o]
gid
gid

gid

i

= i
o
@
o
i
0
=4
£
@
=3
=
o
=
b
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Emission — non service life

Service life

Service life . Applicatio *omm -t _ Ships at berth 2 30E+003
Service life | Application ! remowval

Service life i
@ Cor ' Ships mowving 1.92E+002
(%) Commercial ships ) Pleazure crafts

)
Mew b | i

Mew building | Maintenance & repair | Femoval Application professional

Plevy buildi|

Mewy biLsilling 0.00E+000
The ¢

The removal period

The pail Mairtenance 0.00E+000

The number of days for the treatment of one boat

Numiey Remaval 0.00E+000
Mumber of ships trested per period

The pail

The fraction of the paint that is to be removed from the hull by HPW
Murnkber

T The fraction of the pairt that iz to be removed from the hull by abrasion
e cor

The concentration of active ingrediert in the pairt
The the

Fraction of a.. remained in exhausted paint remowed by HPW

Fraction of a.i. remained in exhausted paint removed by abrasio Totals

Total zervice life 2 A0E+003

Average hull surface of a ship Tatal new building 0.O0E-+Q00

Fractior

Theoretical coverage of the pairt Total maintenance O.00E+000

Mumber of coats applied on the hull Tatal remowal 0.00E-+000

Fatio reblasting! spot blasting 2 a0E+003

Fraction to surface water

Lse calculated values
Dellores AN be
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V3.0 View results

Fi
= Mampes 3.0 NN L1
~ || File Language  Help ! Surroundlngs
. Y2
)| Model [
il WI=1
‘Q Erwiranmert
Run narme < X3+» X1
Campound o
Enwironmerit
* [ Harbour
rl ‘ Emizsion Compaund Y1
Emizzion
Run
= el
Load
& Pun model & view results
42 DECO-EL Cormmercial harbour TE...|  Backoround conc. -
«— X2 >
In o % Run clat 732010 355 PM
i i G G hultiple runs N GEte
Ly 4
Import f export o . i - - -
—_— Distributiogh of antifoulant st stefdy state | Analysis of fate and fluxes of antifoulant st steady state | Surrounding poliution
ot Harbour
= Total conc. Dizsolwed DocC Suzpended matter Sediment after 1 Years Sediment after 2 Years Sed
4 Export zximum concerntratio 2Z01E00 wgd |19 EQ01 wgd | 2.25E-003 wg | 7 B0E-D03 poig oc 3.70E-004 pofy oc 5. 78E-004 poiy oc 7038
95 % cohcertration 186E-001 ugd  |1.87E-001 wgd | 2.25E4003 ugd | 7 43E-003 pafiyg oc 3.61E-004 pyfy o 5 65E-004 poyiy oo 7.a0
Awerage concentration F29E002 ugh | B93E-002 ugd | 5.28E4004 ugd | 2.76E-003 oty oo 1.34E-004 pofy oc 210E-004 poiy oc 2490
Medisn concertragon 2H3E002 ugd | 241 E-002 ugd | 2.858E4004 ugd | 9.59E-004 pgiy oc 4 67E-005 pofy oo 7. 28E-005 poly oo 1.0
Minirnum concergfation S321E003 ugd | 3.05E-003 ugd | 3.64E005 ugd |1.21 E-004 pglg oc 5.91 E006 pofy oc 9 24 E-006 poiy oc 1.28
£ »
Surroundings
Total conc. Dizzolved DocC Suzpended matter Sediment after 1 Years Sediment after 2 Years Sed
Mzxirnurm concertration 1.00E002 ugd  |9.53E003 ugd | 1.14E004 ugd | 3.80E-004 poly oc 1.88E005 pgfy oo 2. 89E005 poiy oo 3.99
95 % concertration E21E003 ugd | 5.91E-003 ugd | 7.05E005 ugd | 2.35E-004 pgly oc 1. 14E-005 pgfy oc 1. 79E-005 poiy oc 247
Awerage concentration 224E003 ugd | 243E003 wgd | 2.54E005 ug) | 8 46E-005 poly oc 4 12E-006 pgfy oo G 44E-006 poiy oo g.89
Median concertration 187E0035 ugd |1 50E-003 wgd |1.79E005 ugd | 5 96E-005 pgly oc 2 90E-006 pofy oc 4 A3E-006 poiy oc 6.26
Minirumm concertration SA9E009 ugd | 5. F0E-009 ugd |6.80E-011 ugd | 2.27E-010 palg oo 1A0E011 pofy oc 1. F2E011 poiy oc 238
< »
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Cu Speciation: WHAM / BLM, 3L-Model

CopperSpeciationDialog

Cu specistion 3-Ligand model | Cu-speciation v Ham Model

Cu - Ligand equilibrium constants Copper speciation - Results

Equilibariumn constart i1 O0E+012 Total dizzalved Cu |1 2 E-009
Cu+Lif11=Culi Range 11000 E11 ————

Exquilibrivm constart 1 DOE+00 i Clt+ free i1 E0E-013
Cu+Lit21=Culi Range 1100 ES e

Equilibarium constant i1 OOE+006 !
Cu+Lif3)=Culi Range 1-100 EG CuLif2) |2.EIEI E-013

|
culic!) 11.21E-009 |
|

CuLif)
Organic ligand concentration

Cuco3 |252E-014 |

Crganic ligand L1 - strong I1 SOE-00T
complex Range 2 - 20 E-& L CutH 1.27E-014 |

Organic ligand L2 - medium |2 00E-007 cuc |5_EEE-U1 g |
complex Range 5 -50 E-5 M s

Cuso4

Organic ligand L3 - wesk complex iS.EIIIIE—EIEIE
Range & 50 E-6 M !

Calulate

Enwironmertal conditions

Salinity

pH

ke
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V3.0 Export settings and results

= Mampec 3.0

File Languisie Help

Model

@ Envigmefl Export items

Erwironmerts Emizsions Campounds

Compounc

) | Default commercial harkour ._ [ 9 Default Commercisl Harbour Biocide 100% | » | Advanced Photolysis (Test)

a Emis=ion | Default commercial harkour 1 .} Default Commercial Harbour Cu 100% | Copper tatal)

j Defautt estuaring harbour . Drefautt Commercial Harbour TET 100% . | Copper Ornading (defaut)
Run ‘ | Defaurt. ma-r.ina o . 3 Default Estuariné Harbour TET‘IDD% ] | Dic.hloﬂL-J.anid .tdefaﬁlt)- )
—— [ 4 Drefault maring 400m pooarly lushed 2 (%] Default Maring biocide 100 % : [ ] iron (defaL.Altj -
w Bun "_“Uf_‘?l & Vie‘_“f r3§ultsf . . E-Defaurt open =ea | E -”Defaurt Marina biocide 20 % . [ E-Irgarol (defautt)
S . i-Defaurt shipping lane . [ "Defaurt Maring Cu 100% . 1 i-Seanine [cdefault)
i{fﬁ Muttiple runs T R I O U S AT, T R

Export to databasze

Imp rt

Export runz

L Irnport | Defauk commercial harbour Test [= Mampec 3 - Result Sheet —
2 @ Default commercial harbour 1 Copger fotal) Def... Run name Default commercial harbour 1 TET OECD-EL
Export . Commercial Harbour
'_d} Wersion 3000
Drate Tuesday, July 13, 2010 4:01 PM
Merno

— e —

Enwironment CECD-EU Commercial harkbour2
Emizsion CECD-EU Commercial Harbaur
Compouncd TET (default)

Background conc.  0.00E+000

— Harbour —

— Toial cone. —

Maximum concertration  2.01 E-001
95 % concentration .1 SEE-001
Mverage concertration F29E-002
Mediat concertration 2A3E-002
MivirLnn concerty ation 321 E-003

to RTF file
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New Developments

e Currently the US Copper Task Force are developing
a freshwater inland marina scenario for the US

e Looking to conduct copper monitoring data during
this summer along with usage surveys to determine
how antifouling paints are used in freshwater

« Will include existing monitoring data in the US and
GIS data for water quality characteristics and water
exchange data

N
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Concluding remarks

23

MAMPEC result of proactive role of industry in risk assessment of
antifoulants.

Model is constantly being adapted to need of users (applicants,
authorities, water managers, students), software developments, and
state of the art in ERA.

Recognized by regulatory authorities in EU, Switzerland, USA,
Australia, Japan, China, and other OECD countries

Version 3.0 meets modern software standards, has a number of
useful new extensions, bug fixes, and works much easier and faster

Multi-run option: useful for sensitivity analysis and risk assessment of
mixtures

N
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Thank you for your attention

 Websites:
— delftsoftware. widelft.nl (official download & support)
— www.antifoulingpaint.com
—  Www.cepe.org
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http://www.antifoulingpaint.com/
http://www.antifoulingpaint.com/
http://www.cepe.org/
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