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Fig. 9. Field emission SEM image of RF13 sample from 600 m leg
over Yellow Sea. Large central particle is a silicate dust/black carbon
aggregate consisting of: (a) Ca aluminosilicate, (b) Mg aluminosili-
cate, (¢) black carbon spherule aggregates (soot), (d) separate carbon
spheres.
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[> Experimental evidence of interactions btw particules and btw gas and particules

[> Environmental impacts of the mixing
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Iron depositon in High Nutrients Low Chlorophyll regions

Annual average Nitrate concentration in surface

water (levitus ocean atlas)
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Regional Iron Fertilisation experiment in different HNLC:

=) Bloom of biological activity and
carbon sequestation

|:> Paleoclimate : ‘The Iron
hypothesis’ (Martin)

Kohfeld et al., 2005; Archer et al., 2000;
Mahowald et al.,1999 ...

IZ> Climate change mitigation (!)

The North Pacific HNLC
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Source and bioavailability of iron

Atmospheric deposition (=) Dust 1s considered as the main

. sources of 1rron for open ocean
Rivers runoff

Upwelling

Dust iron is at the source mostly unsoluble i.e « not bioavailable »

Dissolved Iron Fraction DIF <1 %

Measurments at remote sites show that DIF increases during atmospheric
transport : DIF ~ 1-30 % with a large variability.

Modeling effort to better to characterize DIF (e.g Fan et al., 2006; Luo et al., 2007)

Possible anthropogenic influences on atmospheric processing , especially
relevant in the North Pacific Ocean.

This study : Modeling approach to better charcterize soluble
iron processes and deposition to the NPO.



Model developments

< coupling >

GEOS-CHEM Meskhidze et al., 2005
Table 1. Species Simulated m Model
Symbol Chemical Forms Allowed for Species”
S0, (50y)
g(\r[)L (QO4 )dq (”gO4 )iq (FLQOJ')JL] (Algoﬂlq ((8@04)\ (Nq7g04)s ( a”goﬂs ((N”4)2g04)s
(NH4HSOy)s, ((NHg)3H(SO,),)s
NO,’ (NO),. (NOy),
N(V)¢ (HNOy), (NO3 ) (NHNO3), (NaNO)
N(-‘lll)e (NHy),, (N”mq ((Nll4) SO4), (NH4HSOy)s. (NHg)3H(SO4)1)s. (NHZNO3);
Na¢ (Na' )dq (NaCl),, (NaNO;),, (NaHSOy), (NaySO4);
(ot (Ca* )y (CaCOy), (CaSOy),
Fet g (FelOH) g (FAOH] g (FelOH Rl (FO g (eSO (FOH),
Al (AT g (AIOH)™ ), (‘\1(0“)7) . (AlOH)3),q. (AIOH)3 )y, (A1904)1q
Ko.sMgo.25A12 3513 5019(OH),
Smectite/Montmorillonite® 7 15 8
Nao sAlLaMgoSiuO10(OH); - 4H,0 ] @ _
Hematite 5 8 5
Fe,04
Quartz 21 10 20
Si0,
Kaolinite 5 12 5
ALSi,Os(OH),
Total 100 100 100

| 3.5 x 10~ 2exnl9.2 x

10°(1/298-1/TH1



Dissolved iron modelling

@ 11 new tracers in GC representing mineral species in the dust mode :

(Fe, Ca, Al, Na, Sil, K, Mg, SO >, NO;, NH,),, (CaCO,),

Symbol

Chemical Forms Allowed for Species”

50,
S(VIY

NO,”
(V)
N(-IITY
Ngte
CaL h
Fe©
Al

80,

(SO e (HSOF )r (FeSO3)g, (AISO3 ), (CaSO4)s, (NaSO), (NaHSO,), (NH,):SO,
(NH,HSO0,),. (NH,)sH(SO4),):

NO),. (N,

HINOS),. (NO; e (NHNO3), (NaNOy),

NH), (Nl[4 b ((NH80,),, (NHLHSO,), ((NHy)sH(SO)), (NH,NOy)

Jo |
Ca” )y (CQC(JL (Cﬁ%Oa)

1

Jagy (F(OH)™ )yg, (Fe(OH) ) (Ft(O“)) . (Fo(OH)y )ug, (FeSOy g, (Fe(OH),);

(
(
(
(N’i g (NaCl)g, (NaNOz)g, (NaHSOy). (NapSOy)y
(
(
(Al

Fe
AP g (ATOHY g, (AKOH); e (AHOHR)qg: (ATOH) o (AISO4

¢

Dissolved iron FEDI (oxydation III)

@ One mode representative of dust (aggregation of bins PM10)

@ Tracers are transported and removed (wet and dry dep) as dust in GC

@ At the source

: FETOT =3.7 % * DUST ;
DIF = FEDI/ FETOT = 0.45 % (from obs ACE-ASIA)




Test Case Simulation (2 x 2.5, Full chemistry) : MARCH-APRIL 2001

Apr 7-14 Apr 15-21 Apr 22-28
Week 2 Week 3 Week 4
DUST (< 1um) vert av. (ug.m-3)
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« HIDU » Validation of GC aerosol fields « LODU »
High dust regime Heald et al., 2006 Low dust regime
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Model / data comparison “Sim 005 Crise

during april 2001
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Scavenging of anthropogenic compounds by dust ( Kosan )

Bl dust mode
] anthro mode

[ ] sulfate in solid CaSO4
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HIDU

PHwk1.fig

Dust mode pH evolution

PHwkz fig

LODU

PHwk3 fig
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Soluble iron formation

HIDU LODU

fediwk1.fig fediwka fig . fediwk3 fig

vert av. 90;’»

FEDI %,
(ng.m-3) ¢ 2 .

gy
180 190 £

DIFwk1.fig

Large dust event are not necessarily the most FEDI productive (consistency
with the 0D scheme, Meskhidze et al., 2005)
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FeDI Vertical distribution




Simulated vs measured
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Wet deposition of soluble iron

WETFEBC WETFEBC WETFEBC

WETFEBC 7 0 WETFEBC WETFEBC

« HIDU » « LODU »



HIDU

sensieSO2X21.fig

Sensitivity studies : SO2 x 2, April 2001

LODU

sensieSO2X22.fig sensieS02X23 fig

Relative change (fraction) in mean soluble 1ron
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2001 seasonal results
FEDI (ng.m-3)

FEDIseas1.fig
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Chemical production of soluble iron via dust pollution interactions
(averaged concentrations 140E — 130 W, 20N-60N)
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Anthropogenic direct contribution ?

Chuang et al., 2005
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Data from Gosan:
O Clean dust dominated days
- @ O Polluted dust dominated days
) —{50°N E Easterly sector (Japan)
X 1 09—_ Maritime air masses
4 . 8] N Northerly sector (Korea)
/ é(‘\ 2 7 W Westerly sector (China)
/ ) =3 & @
7 Rlshiri = o
// )\YE\” ro é a3 @
T = w N w
Zﬁlsukube 3 2] N
[JDunhuan Zhenbeitai S
[CJsh: 2 i D ox, S fioo @ 7 w "
apotou o 7 g w N
g S _Vjie K —{35° @
[] qyaln W: yo 35 é w
d % 2
,ﬁgﬁﬂ J- Hachijo 2 . w C _
v = Super sites o N N
e =( E;_ =
[|  stations &Amami .
G oo Mt. Bamby . oChichijima o E -
LA =Iwakuni m -
Operations " ’7Wan-Lt§ °
Center (10C) Ko ‘r,/ i 4]
% | =7 \;ﬁgﬂ | 1iLanyu | 1|0 2 3 a s & 7 8 s 1é0
105 120 135° 150°E Soluble Fe Concentration (ng/m3)
257 ® Non-dust dominated days 3 3 3 37 3 3
] R No significant correlation with total iron carried
A Polluted dust dominated days
- S by dust
2.0

Good correlation (R=0.67) with BC
particles (anthropogenic activities)

Combustion processes as significant
source of dissolved iron ?

Anthropogenic DIF =10 %

— T T T — T T T T — — T T T T T ]
40 60 80 100
Soluble Fe Concentration (ng/m3)




Simulated vs measured
dissolved iron

Kosan
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Conclusions

@ Impact of anthropogenic pollution on soluble iron carried by dusts in the East Asian
outflow. Longer term simulations, further validations (global) and sensitivity studies are
required.

@ Importance of chemical buffering effects : low intensity events (more frequent) are more
efficient to produce soluble iron compared to big storms.

=>Validation and further development of dust/anthro heterogeneous chemistry and
aerosol p-physic in GEOS-CHEM is an important issue for iron modelling.

@ Other mechanisms for dust iron processing and DIF increase (chlorine, iron 111
photoreduction / dissolution promoted by organic acids in clouds ).

@ Potential importance of continuous anthropogenic emission of soluble iron (Luo et al.,
2007). Experimental characterisation of combustion iron and processing is an issue.

How will soluble 1iron deposition and ecosystem response evolve in the future ?



... Toward possible climatic impacts ?

FeD1 deposition
>  What’s going on in the ocean P
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Heterogenous chemistry / regional climate

optical properties | radiative forcings | sw,Lw Dynamic, precip.

, >
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Over west Africa ....




Effect of acrosol mixture (DUST, OC , BC ... ) on West African

regional climate ?

Seasonal BC (DJF — JJA 2006)

emissions

contour =[0 0.01 0.1 1

510 15] mg.m-2.day

S

RegCM
AOD

& Climatic
signal of BB
aerosol ?

Megacities in
West Africa,
which

impacts ?



Aerosol mixing

N LS : H JJA vertical distrioution of BB agrosal (black contours) and dust concentraians (am 2.5, red contours) (attudinal Cross section, average Lang 10 E, 10W)
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On going actvities at
Laboratoire d’ Aérologie

/nana_,

Coating formation

Coating composition
( mineral dissolution, ...)

Optical and CCN properties

Organic and Inorganic

ORISAM Sectionnal Aerosol Model
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TM4 - ORISAM

Djougou (Benin)
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TM4 — ORISAM
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Djougou (Benin)
TM4 —ORISAM vs OBS

Bulk experiment -relative abundance of : Bulk modelling - relative abundance of :

M sulfate | nitrates @M ammonium © dust lBC | OC M sulfate ' nitrates M ammonium | dust lBC | OC




Thank you !



Wet deposition of soluble iron

WETFEBC WETFEBC WETFEBC

WETFEBC 7 0 WETFEBC WETFEBC
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Iron dissolution modelling

GEOS-CHEM

Meskhidze et al., 2005

1: Assume an initial mineral composition for the dust

[

Table 3. Concentration of Major Minerals in the Soil and Clay Fractions of Surface Soils in the Gobi Desert and in Mineral Dust
Originating From These Soils

In Soil,* % wt

In Mineral Dust and Used as Initial

Mineral In Silt In Clay Condition for Model Simulation.® % wt

Anhydrite 6 0 6
CHSO4

Calcite 12 0 11
CaCO_;

Albite 18 8 17
Na;‘\]Si_}Og

Microcline 8 5 8
KAISi;0g

Ilite® 18 42 20
Ko.sMgo.25Al2 3513 5010(OH),

Smectite/Montmorillonite® 7 15 8
Nao_(,;All_4I\f1g0_(,Si4010(O]l)z - 4] 130

Hematite® 5 8 5
FC203

Quartz 21 10 20
Si0,

Kaolinite 5 12 5
AlS1,05(0OH),4

Total 100 100 100
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