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Abstract. Iron is a major component of atmospheric ment between the calculated and the observed iron concen-
aerosols, influencing the light absorption ability of mineral trations, and supported the validity of the suggested approach
dust, and an important micronutrient that affects oceanic biofor the estimation of iron concentrations in mineral dust.
geochemistry. The regional distribution of the iron concen-
tration in dust is important for climate studies; however, this
is difficult to obtain since it requires in-situ aerosol sam- 1 |ntroduction
pling or simulation of complex natural processes. Simultane-
ous studies of aerosol chemical composition and radiometricthe presence of iron (Fe) in aeolian dust is of wide inter-
measurements of aerosol optical properties, which were pefest in climate studies due to its biogeochemical and radiative
formed in the Negev desert of Israel continuously for aboutimpacts (Jickells et al., 2005; Mahowald et al., 2005). Iron
eight years, suggest a potential for deriving a relationship beoxides (primarily hematite and goethite) are major compo-
tween chemical composition and light absorption propertiesnents that affect the ability of aeolian dust to absorb sunlight
in particular the spectral single-scattering albedo. at short wavelengths (the blue spectral region). Variable con-
The two main data sets of the present study were obtainedentrations of iron oxide alter the dust’s radiative properties
by a sun/sky radiometer and a stacked filter unit sampler tha¢make dust darker or brighter) and thus may influence climate
collects particles in coarse and fine size fractions. AnalysigSokolik and Toon, 1999). Bio-available iron is an impor-
of chemical and optical data showed the presence of mixedant micronutrient that affects oceanic biogeochemistry (Fan
dust and pollution aerosol in the study area, although theirt al., 2006). Following dust deposition in oceanic regions
sources appear to be different. Spectral SSA showed an evi{fung et al., 2000; Colarco et al., 2003; Gao et al., 2003;
dent response to increased concentrations of iron, black cadohnson et al., 2003; Kaufman et al., 2005b), iron fertiliza-
bon equivalent matter, and their mixing state. A relationshiption supports phytoplankton growth and the cycles of other
that relates the spectral SSA, the percentage of iron in totabceanic nutrients and bacteria (Martin and Gordon, 1988;
particulate mass, and the pollution components was derivedBehrenfeld et al., 1996; Coale et al., 1996; Capone et al.,
Results calculated, using this relationship, were compared 997; Falkowski, 1997; Boyd et al., 2000; Jickells et al.,
with measurements from dust episodes in several location2005; Mongin et al.,, 2006). Subsequently, changes in the
around the globe. The comparison showed reasonable agrephotosynthetic activity of phytoplankton alter the cycle of
atmospheric C@and of global carbon (Broecker and Hen-
derson, 1998; Watson et al., 2000). The variability of iron

Correspondence toY. Derimian concentrations supplied by aeolian dust may also be of im-
m (derimian@loa.univ-lille1.fr) portance for oceanic biota in various ocean regions where
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dust deposition is significant (Gao et al., 2001; Wiggert etcomposed dust mixtures from some key minerals, including
al., 2006). hematite and goethite, typically found in soils and aerosol
Transported aeolian dust can be contaminated by anthrocsamples. Laboratory-obtained information on the fraction of
pogenic aerosols and thus contain products of industrial andninerals in different size modes was included in the mod-
motor vehicle combustion emissions, or products of biomassling of aerosol optical properties. Schuster et al. (2005)
burning. Such aerosols contain light-absorbing carbon that islemonstrated an approach of inversion of AERONET re-
a strong absorber and therefore contributes to global warmtrievals into chemical elements concentrations (namely BC)
ing (Jacobson, 2004; Chung and Seinfeld, 2005). Dubovik etind specific absorption, using an effective medium approx-
al. (2002a) showed that the spectral absorption of pollutionimation. This approximation enables effective optical con-
aerosols is distinctive from that of mineral dust. The spec-stants calculation of internally mixed chemical elements in
tral absorption properties of light-absorbing carbon dependvarious volume fractions. An advantage of the approach sug-
on the origin of the material and combustion conditions (An- gested by Schuster et al. (2005) lies in tying the effective
dreae and Gelencser, 2006; Schkolnik et al., 2007). Stronglynedium approximation to real optical measurements of am-
absorbing black soot particles are commonly called blackbient aerosols. Alfaro et al. (2004) employed aethalometer
carbon (BC) and are characterized by a decrease of absorgnd nephelometer laboratory measurements to experimen-
tion towards long wavelengths proportional ta. {Kirch- tally derive the spectral mass absorption efficiency and SSA
stetter et al., 2004). In addition, the combustion of organicof dust aerosols. They also estimated the relative contri-
matter, such as biomass, or smoldering combustion mayutions for the mixture of iron oxides and BC on dust ab-
produce particles containing light-absorbing organic com-sorption. They found agreement between the calculated SSA
pounds. These particles have relatively strong absorption irand the one derived from the inversion of sun/sky radiome-
the UV, and are denoted as brown carbon; they are suggestadr measurements (Dubovik and King, 2000). Other studies
to be of higher relevance for regions outside of those that arshowed the possibility of deconvoluting dust and BC spectral
highly industrialized and for cases where light absorption isabsorption and scattering properties, and thereby inferring
not dominated by pure soot (Andreae and Gelencser, 2006)ron and BC concentrations. For instance, Fialho et al. (2005)
Here we will use the quantity “black carbon” (BC), oper- differentiated the absorption spectral dependence of dust and
ationally defined as the amount of strongly light-absorbingBC measured by an aethalometer. In a subsequent study, Fi-
carbon with the approximate optical properties of soot car-alho et al. (2006) calibrated these measurements with Fe on
bon, which would give the same signal in our optical instru- the filters, and derived empirical calibration constants for the
ment as the sample. While the term “BC” has become com-determination of the iron concentration from the aethalome-
mon usage in various contexts, the operationally defined BQer observations. Koven and Fung (2006) employed a similar
implies an optically equivalent meaning (Hansen et al., 1984,concept of absorption spectral dependence for the characteri-
Bond and Bergstrom, 2006). In the present study we wouldzation of dust composition; however, they studied sun/sky ra-
like to emphasize the optical equivalency of the measuredliometer measurements through the whole atmospheric col-
values. umn (AERONET) and incorporated the mineralogical effects
Several approaches can be used for evaluation of iron oby using different modeled relative fractions of hematite, sil-
BC concentrations in particulate matter, e.g., in-situ sam-icate and BC.
pling of atmospheric aerosol particles with further laboratory  The approach used in the present paper is similar to that of
analysis. However, in-situ sampling requires considerableKoven and Fung (2006) and Schuster et al. (2005) in refer-
effort, and can even be impossible for providing results ofring to aerosol scattering and absorption spectral properties
wide spatial and temporal coverage. Another possibility isderived from a sun/sky radiometer. However, we do not em-
to employ chemistry transport model simulations. Although ploy the effective medium approximation to connect the op-
models are able to represent anthropogenic emissions, the atieal measurements to the aerosol chemical composition, but
equate estimation of BC concentrations remains challengingise the chemical element concentrations measured on filter
(Bond et al., 2004; Streets et al., 2004). The prediction ofsamples of atmospheric aerosols. Specifically, we take ad-
natural components, such as iron concentrations, depends omntage of a large data set of co-located, simultaneous long-
wind speeds and local mineralogy, and thus may carry eveterm AERONET observations and aerosol sampling results.
more uncertainty (Kaufman et al., 2005a). An additional ap-We use this data for deriving coefficients which relate spec-
proach is modeling of aerosol optical properties (Sokolik andtral SSA and concentrations of Fe and BC in a developed
Toon, 1999), which can be employed for inversion of mea-equation. This approach avoids usage of bulk or modeled
surable aerosol optical characteristics and deriving conceneptical properties of a material, or absorption properties mea-
trations of chemical elements. Modeling of complex refrac- sured on aerosol samples after they have been removed from
tive index, aerosol scattering and absorption coefficients fomtmosphere. Instead, we utilize aerosol optical characteris-
various combinations of minerals was recently improved bytics that correctly reflect the actual measured radiation field.
incorporation of the results of specifically designed measureWe also do not reconstruct aerosol mineralogy or use soil
ments (Lafon et al., 2006). In their study Lafon et al. (2006) characteristics, but refer to actual Fe and BC concentrations
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in real atmospheric aerosols. 3.1 Sun/sky radiometer

The general maotivation for this study was to assess iron
concentrations in atmospheric dust by aerosol spectral abfhe AERONET program is an automatic robotic sun and
sorption. The iron concentration in total dust mass can besky scanning measurement initiative (Holben et al., 1998).
useful for estimating the amounts of iron deposited to theA CIMEL spectral radiometer performs direct sun measure-
ocean. We have analyzed the differential aerosol spectral alinents every 15min, with a 1°Zield of view at 340, 380,
sorption from the blue to the NIR (near infrared) spectral re-440, 500, 675, 870, 940, and 1020 nm nominal wavelengths.
gion, which should be proportional to the associated concenThe spectral aerosol optical thickness (AOTzgk) was re-
trations of iron and BC. In this study, we consider concentra-trieved at seven of these wavelengths from the direct sun
tions of total iron, and assume that the optically relevant ironmeasurements; the 940 nm channel was used to retrieve wa-
oxides represent a fixed part of the total iron in airborne min-ter vapor content. The angular distribution of sky radiance
eral dust. This iron oxide to total iron ratio may be unique was also measured at 440, 670, 870, and 1020nm. The
for a given location with its specific sources, but at the end ofmeasured spectral sun and sky radiances were used to re-
Sect. 4.6 we discuss the reliability and restrictions of this as-rieve aerosol optical parameters at four wavelengths by the
sumption. The aerosol spectral absorption was obtained bAERONET inversion code (Dubovik and King, 2000).
inversion of sun/sky radiometer measurements (AERONET In this paper we utilize data from Version 2 (V2) inver-
product). The aerosol chemical composition was obtainedsion products. V2 inversion partitions aerosol particles into
from aerosol sampling at ground level. Specific objectivesspherical and non-spherical components, which are modeled
were: (1) to correlate data sets for events where ground leveby an ensemble of polydisperse, homogeneous spheres and
aerosol chemistry was found to be representative for the totah mixture of polydisperse, randomly-oriented homogeneous
column optical measurement; (2) to estimate the contaminaspheroids (Mishchenko et al., 1997) with a fixed spheroid as-
tion of atmospheric dust by BC and its role in aerosol spec-pect ratio distribution (Dubovik et al., 2006). The retrievals
tral absorption; and (3) to derive a relationship between ironutilized also contain redefined surface reflectance properties,
concentrations and differential aerosol spectral absorption. which are obtained by the inclusion of combined satellite
data, and which account for possible improvements in re-
trieved aerosol properties and single-scattering albedo in par-
ticular (Sinyuk et al., 2007). In addition, all restrictions rec-

Measurements were conducted at the Sede Boker (in Som%mmended in Dubovik et al. (2002a) for reliability of the

sources referred to as Sde Boker) Campus of the Ben-GuriolVersion product were applied. More details on the devel-
University of the Negev (31N, 3447E, 470mam.s.l.), opment of the retrieval algorithm, modifications and accu-

Israel. The site is located in the eastern Mediterranean ret2cY assessments can be found in Dubovik and King (2000),

gion, characterized by relatively high levels of troposphericsmim_ov et al. (2000), Dubovik et al. (2000; 2002a; 2002b),
aerosol burden due to the influence of anthropogenic aeroso@nd Sinuyk et al. (2007).

that originate mainly from Europe, and mineral dust from the . y ked fil .

North African, Sinai, and Saudi Arabian deserts (Ichoku et‘?"2 Gent” PM10 stacked filter unit sampler

al., 1999; Formenti et al., 2001; Andreae et al., 2002; Gera-_ ., i .

sopoulos et al., 2003; Israelevich et al., 2003; Kubilay et aI.,The_ Gent” PM10 stacked filter unit (SF.U) sa_mpler collects
2003). Specifically, Sede Boker is situated in the northernpart'cIes on Nucle_por_e polycarbonate fllter_s in a coarse (2-
part of the Negev Desert, relatively far from highly populated 1.0Mm aerodynam|c diameter (AI.D)) and a fmeZM.m AD)

and industrial areas. The climate is dry, with a mean annuaP'® fraction. The SFU sampler is operated continuously on

precipitation of 100-200 mm and 20-40 rainy days through—:;‘g&’gﬁ'tggisédﬁ]yesggir:g'azgeog]esrt;?en;egtt :1\:1azi :ﬂfg\}vega?;
out th . Th lative humidity at 14:00 local ; . . :
© year © average relaiive iimicity a oca of ~16 L min—1. To avoid the problem of filter clogging and

time for July is 30—-35% and for January, 40-50% (Stern et . :
al., 1986). consequently non-representative measurements in the two-
two-three-day scheme, the sampling was always conducted
with a timer set at 50% for the two-day sample and at 33% for
3 Data sets and instrumentation the three-day sample, thus the SFU effectively sampled only
50 or 33% of the time evenly distributed over two or three
The main data sets were obtained from a CIMEL sun/skydays, respectively. This generally results in little clogging
radiometer, part of the global Aerosol Robotic Network or effects from a decrease in flow rate during the sampling,
(AERONET), and a “Gent” PM10 stacked filter unit (SFU) except possibly during episodes of extremely high aerosol
sampler. Additional data were obtained from a single-concentrations. The volume of the sampled air is obtained
wavelength integrating nephelometer and a scanning electroffom a volume meter, which is accurate within 5% and is
microscope (SEM) equipped with an energy dispersive specnot affected by the concentration of the aerosol in the air or
trometer (EDS). by the filter loading. The SFU samples were analyzed for

2 Site location
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particulate mass (PM), ing m~2, for over 40 elements in- tion of particles and their structures in sizes from a few tens
cluding Fe, in ngm?, and black carbon (BC), also ing to hundreds of nanometers.
m~2. The PM was measured using gravimetry at@@&nd
50% relative humidity. The uncertainty associated with the , i i
weighing is usually less than 3% for the coarse PM and les§ Data analysis and discussion
than 5% for the fine PM. More than 40 elements were mea-_, . . . .
. . . . “This section presents an analysis of aerosol absorption ob-

sured using a combination of instrumental neutron activation, _. ; .

. o o tained from radiometric measurements (Sect. 4.1.), aerosol
analysis (INAA) and particle-induced X-ray emission anal- .\ i ostained from in-situ surface samplin (Sect. 4.2
ysis (PIXE). BC, that is black carbon corresponding to a Y pling T

: o : . S and 4.3.), their integration (Sect. 4.4.), and development of
measured light extinction at fixed mass absorption efficiency, . - . i
. : a physical model for establishing the relationship between
was measured by a light reflectance technique. The measure- . .
. . ) aerosol spectral absorption and chemistry (Sect. 4.5). The
ments were performed with a commercial smoke stain reflec- . o . .
e proposed relationship is examined with data for several loca-
tometer (Diffusion Systems Ltd, London, UK, model 43) that .
- . . tions (Sect. 4.6).
uses white light. Instead of assuming a mass absorption effi-
ciency (MAE, in n¥ g™1), the instrument was calibrated with 4 1 Radiometric observations
secondary standards for BC determination. These secondary
standards were produced by depositing soot from acetylenghe single-scattering albedo (SSAwy) is the ratio of light
burning on filters. The MAE that corresponds to the cali- scattering to total light extinction (scattering and absorption)
bration factor obtained by reflectance measurements of thand represents scattering effectiveness relative to total extinc-
secondary standards is estimated as being arour@?;lm tion. Therefore, SSA decreases when absorption increases.
More details about the SFU samples and the chemical analymineral dust and aerosol particles originating from combus-
sis, including studies conducted at the Sede Boker site, havgon processes have different wavelength dependencies for
been discussed by Maenhaut et al. (1996a; 1996b; 1997) angsA (Dubovik et al., 2002a). This difference in aerosol spec-
Andreae et al. (2002). In addition, in Sect. 4.2 we will dis- tral absorption is predominantly related to absorption by two

cuss the possible effects of extra light absorption by othelcomponents, iron oxide and black carbon. The SSA for min-

species and their contribution to the BC signal. eral dust usually decreases towards short wavelengths due to
the presence of iron oxide. The SSA for anthropogenic pol-
3.3 Nephelometer lution aerosols that contain BC decreases towards long wave-

lengths (Dubovik et al., 2002a). Thus, the presence of iron

h(?xide or BC in aerosols can be determined by examining the
behavior of the spectral SSA.

The mean spectral single-scattering albedo obtained dur-

of 545nm, with a scattering angular range of 7-170he N9 about eight years of measurements at Sede Boker
instrument is operated indoors and air is supplied through 407 P€riods with predominantly coarsér{gstom exponent
plastic tubing of up to 3m length and of 2.2 cm internal diam- (2)<0-6) and increased contribution of fire=(1.0) aerosol,
eter. The inlet of the tubing is located outdoors at about 10 rf€SPectively, is presented in Fig. 1. Thagstom exponent
above ground level and faces downwards. Pressure, tempefePresents the wavelength dependence of extinction and is
ature, and relative humidity (RH) in the scattering volume of calculated by

the instrument are also monitored and recorded. In order to In (1870 44

eliminate a non-linear increase dnca due to high humid- - &t/ ext/ @)

ity, the data with RH>80% were removed (Andreae et al., In (2870/5.449)

2002).

The Integrating Nephelometer (M903, Radiance Researc
Seattle, WA, USA) measures the light scattering extinction
coefficient gsca) With a 2-min resolution at a wavelength

In our study we employ the difference between SSA at
440nm and 1020 nm (dSSA), which provides two advan-
3.4 Scanning electron microscope tages: first, it is expected that the difference will provide bet-

ter accuracy than absolute values, since retrieval of spectral
The high-resolution field emission scanning electron micro-dependence is more reliable than that of an absolute value;
scope (SEM) LOE 1530, equipped with an energy dispersiveand second, the spectral behavior of an SSA curve can be
X-ray (EDX) spectrometer, at the Max Planck Institute for characterized by only one parameter, dSSA. Negative val-
Chemistry, Mainz, was used for visualization and qualitativeues of the difference SSA(440 nm)-SSA(1020 nm) will be
analysis of individual aerosol particles collected on the Nu-related to stronger absorption by iron oxide at 440 nm, while
clepore polycarbonate filters of the SFU samples. The workpositive values are related to stronger absorption by BC-
ing conditions for the images presented here were set at aoontaining particles at 1020 nm. In this study we also uti-
accelerating voltage of 5 or 15 kV and magnification varied lized the,&ngstrbm exponent, which is a qualitative indicator
from about 70 000X to 400 000X. This enabled the observa-of aerosol size. While fine or coarse mode fractions or an

Atmos. Chem. Phys., 8, 3623637, 2008 www.atmos-chem-phys.net/8/3623/2008/



Y. Derimian et al.: Iron and black carbon in aerosol light absorption 3627

1 0.1 T T
* SSA(1020) =>0.98
o B 0 0.95 <= SSA(1020) < 0.98 .
— Angstrom exponent < 0.6 T 0.90 <= SSA(1020) < 0.95 . .
o - = Angstrom exponent > 1.0 4 SSA(1020)<0.90 4
3 é\ 0.05 cf A ag 4
n A A
o — A
< 095/ = k> AL A
< © a o0 %o @
8) 2] E o @%‘ " o
= 2 0 b o % o @ee . |
) 1 ¢} % o,
- _ < 8@) % A
© o ] o CF 0 TR,
O <t b o] * o) © =
N } 8 Qc;i))g O ogo u]
%, 0.9 % 005 X ﬁ&g%ﬁomo%ﬂu ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
c ®
® & o o
’o%g o
-0.1 \’ I I I
0.85L ‘ ‘ ‘ Coarse «—Dominant size class —»Fine
440 670 870 1020 -05 0 0.5 1 1.5 2
Wavelength, nm Angstrom exponent (870-440)

. . . . . Fig. 2. Difference of SSA(440nm)-SSA(1020 nm) versus
F.'g' 1 Average_spe_ctral smgle-sgatterlp g albedo for periods with ,&ngstrbm exponent. All observations were conducted at the Sede
glgnlflf:ant (iontnbutlons of coarséuigstom exponeko.G) and Boker site from October 1995 to May 2006. Different ranges of
fine (Angstrontw e>t<rt)r?nesnt;1§) kaero_fol for about eight years of SSA(1020 nm) values are presented by different symbols and indi-
measurements atthe sede Boker site. cate events from weak to strong absorption at 1020 nm.

effective radius could better describe aerosol ste (Eck et alshan at 440 nm and SSA(1020 nm) may reach values of 0.85
1999; Schuster et al., 2006), we prefer to useAhgstiom  (pjack triangles). Consequently, Fig. 2 classifies spectral
exponent as an easily measurable and always available p&sa for events having dust- or pollution-dominated contri-
rameter. It was also found in our test that thegstiom ex-  putions and different degrees of mixing.
ponent was well correlated with the other aerosol size param-
eters. 4.2 In-situ surface sampling

Figure 2 shows all quality-assured observations of
SSA(440)-SSA(1020) versus tAagstiom exponent, which ~ Concentrations of BC and total Fe at ground level were mea-
were made at the Sede Boker site from October 1995 to Mayured simultaneously with the radiometric measurements.
2006. The data presented in this figure are stratified into dif-Figure 3 shows the percentage of BC versus the percentage of
ferent ranges of SSA(1020) in order to indicate events withFe in the PM10 total particulate mass (TPM). The BC or Fe
different levels of absorption at 1020 nm. This figure re- percentages in the TPM (denoted hereafter as %TPM) were
veals that, as thAngstiom exponent (870 nm—440 nm) in- calculated as the sum of BC or Fe concentratiqrgri—3)
creases from about zero to about 1.5 (indicating a decreasinip the fine and coarse size fractions relative to the sum of
contribution of coarse dust particles and increasing fractiorthe particulate mass concentratiopgm~2) in the two size
of fine pollution particles), spectral SSA gradually changesfractions. This figure shows a pattern of negative correlation
from stronger absorption at 440 nm to stronger absorptiorbetween the percentages of BC and Fe in the TPM. This im-
at 1020nm. It is noteworthy that absorption at 1020 nmplies that, generally, sources of BC (pollution tracer) and Fe
is quite weak (marked by red diamonds and blue circles)(mainly from dust) are different. Another conclusion, sug-
for events dominated by coarse particlémgstr'c')m expo-  gested by this plot, is that during most of the events both
nent about zero). As the contribution from fine particles in- elements are present at measurable concentrations, i.e., that
creases/"(ngstrbm exponent from 0.5 to 1.0), absorption is we generally have a mixture of dust and pollution aerosol at
still strongest at 440 nm, but absorption at 1020 nm becomesur sampling site.
significant (part of observations marked by green squares). It should be mentioned here that the BC concentration
This spectral SSA behavior is related to mixtures of dust ands measured by a light reflectance technique so that other
pollution, with characteristia&ngstrbm exponent values in species (e.g., Fe) or even just an increase of total mass con-
the range from 0.5 to 1.0. As th%gstrt')m exponent con-  centration tgm~3) on the filter during a dust event may
tinues to increase, which means that the contribution of finecontribute to the BC signal by additional light absorption. To
particles increases, absorption at 1020 nm becomes strongégst for these potential interferences, we examine the possible
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Fig. 3. BC percentage of the total particulate mass (BC, %TPM) Fig. 4. BC, %TPM in the fine size fraction versus Fe, %TPM in the

versus Fe percentage of the total particulate mass (Fe, %TPM)coarse size fraction. Different symbols indicate different ranges of

Black open circles represent all available data, red solid circlesiotal mass concentration.

(Angstr'cbm exponent<0.6) and open squareénigstrbm exponent

>0.7) represent a subset of data matched to optical column meafound among dust particles on the coarse filter from the dust

surements. event on 2 April 2000, and soot clusters attached to dust that
were found on the fine filter from the dust event on 3 Febru-

influence of Fe and high mass concentrations on the B ry 2001. Quite similar pictures were observed on other ana-
signal (Fig. 4). This figure shows BC, %TPM in the fine lyzed filters, where soot clusters were observed between min-

fraction, versus Fe, %TPM in the coarse fraction. Differenteral dust particles, as well as attached to dust particles.

ranges of total mass concentration are indicated by differen
symbols. Figure 4 reveals that (1) fine BC of pollution origin

is not positively correlated with dust-related coarse Fe; (2)A combined data set was created for the purpose of deriving
increase in mass concentration does not coincide with an inge|ationship between aerosol spectral absorption and chemi-
crease of BC, %TPM in fine fraction; and (3) increase in total ca| composition. A challenge in the creation of an adequate
mass concentration is clearly coincident with an increase inyaia set was the adjustment between optical measurements
coarse Fe, %TPM. Later, in Fig. 7, we will also show that made through the total atmospheric column and aerosol sam-
the main part of BC is found in the fine and that of Fe in the E"ng at ground level. Representativeness of surface sam-

%4 Data integration

coarse size fraction. Thus, an increase in Fe, %TPM or totah|ing for dust events is problematic due to the fact that dust
mass concentration does not cause a spurious increase in theaybe transported at high altitudes (Hamonou et al., 1999: di

measured BC, %TPM. Sarra et al., 2001; Tsidulko et al., 2002; Dulac and Chazette,
o ) . 2003; Alpert et al., 2004) and not be adequately sampled
4.3 Individual particle analysis at the surface. An additional problem is that the aerosol-

_ . ] sampling unit collects particles during two or three days on
Four pairs of SFU sample filters (coarse and fine) from fourgne filter, thus it may contain particles from different events

dust storm events were analyzed by scanning electron microang sources. In order to avoid involving filters that contain
scope (SEM) in order to examine microphysical characterparticles from different events, a time series of AOT was an-
istics and possible mixing of the sampled aerosols. In thisylyzed for each preliminarily selected episode of elevated
paper we present a few images from analyzed dust eventaoT. Data were selected only if the AOT time series indi-

on 2 April 2000 and 3 February 2001 in order to illustrate cated one dust or pollution episode during the two or three
dust and pollution mixing and examples of the observed soolay period of sampling.

particles. Figure 5 shows images of individual particles col-
lected on the fine and coarse filters. It demonstrates the
presence of typical ring and open soot clusters that were
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Fig. 5. Scanning electron microscope images of individual particles -0.1 I I I I
(a), (b), (c) demonstrate the presence of typical ring and open soot -0.5 0 0.5 1 1.5 2
clusters that were found among dust particles on the coarse filter Angstrb'm exponent (870-440)

from the dust event on 2 April 2000, aifd) soot clusters attached
to dust that were found on the fine filter from the dust event on

3 February 2001. Fig. 6. Averaged values of the difference SSA(440)-SSA(1020)

versus théngstm exponent for 25 selected events measured dur-
ing elevated loadings of dust and pollution aerosols. The presented
data set was matched to the data set on aerosol chemistry.

An additional analysis was conducted to assure represen-

tative surface sampling of dust evends<0.6). This analysis
employs the ratio ofext/oscaroas a function of time, where  tion aerosols. This optical data set was matched with aerosol
Text IS aerosol optical thickness measured through the entirghemistry and selected from the general data set (Figs. 2 and
atmospheric column anekcarois the aerosol scattering co- 3) by the above-mentioned criteria. Representation of the
efficient measured by the nephelometer at ground level. Thigovered concentration range of the chemical elements BC
ratio can be used for estimating the equivalent aerosol heighénd Fe is shown in Fig. 3. The selected data are marked
or thickness of the aerosol layer, while its time series reflectssing red circlesi>0.7 — increased contribution of fine par-
vertical dynamics of aerosols passing over the site. For exticles) and square$0.6 — increased contribution of coarse
ample, if the main aerosol concentration is near the surface oparticles), over the background of all observations. Unfor-
aloft, the value of the ratio will be low or high. In the case of tunately, optical data for extremely high BC concentrations
homogeneous vertical aerosol distribution, this will indicate were not available, probably due to some systematic prob-
the thickness of the aerosol layer. In the case of aerosol vertiem such as meteorological conditions, or sky homogeneity
cal non-homogeneity, this will indicate an equivalent aerosolthat prevented sun/sky radiometer measurements, or that vio-
height. More detailed discussion and examples of the ratidated the criterion for proper almucantar retrievals. However,
Text/ Oscatto Usage can be found in (Derimian et al., 2006). the existing optical data were matched to a range of points in
Thus, by parallel analysis of the ratigy/oscatoandrextas  Fig. 3 with the highest density of data, i.e., the range of most
a function of the time, we are able to follow the dynamics frequent concentrations. Thus, at this stage we have a set of
of dust events and to distinguish between high altitude dustarefully matched optical and chemical data for 25 dust and
transport and dust settling episodes. This tool enables thgollution loaded events.
selection of representative filters where chemical character- Figure 7 presents the BC and Fe percentages in the
istics of settled dust were expected to reflect the measuregine and coarse size fractions and the corresponding dif-
optical properties. Based on the knowledge that pollutionferences: SSA(440)-SSA(1020), SSA(440)-SSA(670), and
aerosols in the study area are generally transported at lowesSA(670)-SSA(1020). Data on this plot were sorted by de-
heights (Formenti et al., 2001; 2002a; 2002b) and surfacereasing total (fine and coarse) iron concentration. A trend
sampling is representative for them, events Véitt0.7 were  from negative to positive values of SSA(440)-SSA(1020)
not subjected to additional analysis for vertical dynamics.  can be noticed as the total concentration of iron decreases
Figure 6 presents averaged values of the differenceand the role of the BC contribution increases. In addition,
SSA(440)-SSA(1020) versus tﬁmgstrbm exponent (870— spectral SSA subdivided by two ranges, one from 440 nm
440) for 25 selected events that cover a wide range of opticato 670 nm and the second from 670nm to 1020 nm, re-
data measured during elevated loadings of dust and polluveals the response to relative contributions of iron and BC.
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0.1 the Fe and BC percentage in the total particulate mass. The
o SSA(440)-SSA(1020) developed relationship includes the difference SSA(440)—
o ggﬁg;‘g;gg’;g%%) /i ﬁ SSA(1020), which |nd|pates spectral SSA behavior. 'I_'h|s

| . .\\\/ 7 spectral SSA was consistent with Fe and BC concentrations,

\‘\y’;;i - as was shown above. However, the difference alone repre-

| . VAN A g " sents only relative values and gives no information about the
« | P N ) absolute SSA values. The ratio of the difference SSA(440)-

o ; ' 7/ SSA(1020) to SSA(1020) carries information about the spec-
-0.05- @\ M \»‘ 1 tral SSA as well as about the absolute values. Therefore it
\;3‘/ \ Total Iron decrease BC(Fine) was used for developing equations relating spectral variabil-

\/ W BC(Coarse) ity of SS_A with the concentrations of the absorbing elements.
0= " Fe(Fine) The ratio of SSA(440)-SSA(1020) to SSA(1020) was ex-

B Fe(Coarse) | pressed in terms of absorption ) and extinction {exy op-

oS tical thickness at 440 nm and 1020 nm, and then modified by

| a
: substitutingrg9?° with its estimater 2920 ~ 7340 ( 440) —

SSA Difference
o

1020
1220.0.43". Thetl9%%0was derived fromr 220 using the linear
approximation Irr (A) = a-In (1)+ B of spectral dependence
Int (), where the coefficiend is the,&ngstrt')m exponent
(Angstrom, 1929; O'Neill et al., 2001; Schuster et al., 2006)
(herea is estimated using 440 and 1020 nm). Then, we can
write as follows:

Element, %TPM

[=2]
i Tabe)  Taps 1 (0.43-4.71020_ ;44
Q W440—01020 o0 Toq  Text abs ~ “abs @
= - 1020 — 1 > 1020
1020 Tab 1——55-043 4.1
1—5%% 7240 abs

ext

Fig. 7. BC and Fe percentage of the total particulate mass in Assuming that only Fe and BC are responsible for aerosol
the fine and coarse size fractions for 25 selected events and thabsorption, and that Fe absorption at 1020 nm is close to zero
corresponding differences of SSA(440)-SSA(1020), SSA(440)~(z2920-.0), we can rewrite Eq. (2) in the following form:
SSA(§70), anq SSA(670)—S$A(1020). The data are sorted by de- 1 (0434 . (1020 _ 440 _ a4
creasing total iron concentration. ©440— 1020 fé‘fto( . TBC TBC TFeO)

®1020 1— —f5 - 0437 . 73220

ext

The difference SSA(440)-SSA(670) shows negative valuesvhere rgc and tre denote absorption optical thickness due
in response to dominant iron contribution and gradually be-to the presence of BC and Fe. Then, the extinction and
comes positive as the role of BC increases. The SSA(670)-absorption optical thicknesses in Eq. (3) were unified to
SSA(1020) response is similar to SSA(440)-SSA(670) andone wavelength. Specifically, we used the linear approxi-
SSA(440)-SSA(1020) only when the contribution of BC is mation of Intgc (L) =agc- In () +8 for the spectral depen-
high, however it varies little and is close to zero when thedence of the BC absorption optical thickness (whase is
iron contribution is dominant. This implies that spectral SSA the Angstiom exponent of the BC absorption spectral depen-
from 440 nm to 670 nm responded to both iron and BC, whiledence, e.g. Dubovik et al., 1998) and replacgff® by an
spectral SSA from 670 nm to 1020 nm generally respondedsstimaterBlgz%fg“rCO.()AgBBc_ As a result, Eqg. (3) was trans-
to BC. Figure 7 also shows that the major concentration offormed to the following:

)

iron is in the coarse size fraction, which supports its mineral 440 . s 440

dust origin, while most of BC is in the fine fraction, which _ Be - (0.43Feca 1) — e,

. : . ; : ©440—®1020 <38 24

is typical for anthropogenic pollution. In summary, Fig. 7 = 270 — . (4)
reveals that SSA retrievals from AERONET are consistent ~ “1020 1— B¢ . 0.43%c-2

Text

with aerosol chemical composition and suggests a potential

for deriving a relationship between retrieved SSA, Fe, and The aerosol absorption and extinction optical thickness
BC can be represented by integrating over the entire atmospheric

column of specific aerosol absorption and extinction proper-

4.5 Development of relationship equation ties known in each atmospheric layer:

H
The matched data set was employed for deriving the coeffi-tapgext = / k;bs/ext (h) cabgtotal (h) dh, (5)
cients of a relationship equation which ties spectral SSA with o
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where capgtotal (2) is the concentration of aerosol particles AERONET sun-photometers, an@o is the total column
mass per unit of the air volume in each layemandk], (h) aerosol concentration. The total column aerosol volume con-
and kg, (h) are coefficients of specific (calculated per unit centration Cviotal) (calculated as aerosol particles volume
of aerosol particle mass) absorption and extinction in eachin the entire atmospheric column with a unit cross-section
atmospheric layer. Assuming that specific aerosol propertiesirea) is a product of the AERONET inversion. The volume
do not change vertically, i.ek’abyext (h) =CONSt=K’ apgext, concentration can be converted to the mass concentration as
Eq. (5) can be transformed as follows: Crota=ClVviotal- Protal, Wherepotal is aerosol particles density.
Then Eg. (10) can be rewritten as follows:

H
W440—@1020
Tabyext = / k;bs/ext (h) cabytotal (h) dh = =
1020
0
H Ké%wC\‘/‘Téalﬂtotal .BC%- (0.43%\3(;75 _ l) _ Kl;tmc\‘/‘%alptotal . Fe%
Toxt Text
K c h) dh = Kby genC : 6 , (11)
abyext / aby/total (/1) abyext-abg'total ©6) 1— M .BC%. 0.43%c-2
O ext

where Capytotal is the Fe, BC or total mass of the aerosol The valu_es OﬁB_C and protal can be selected from values
particles in the entire atmospheric column. CorrespondinglyPresented in the literature. Thus, all parameters in Eq. (11),

'440 '440 ot

we can write: except forK gc and Ko o are the known characteristics
or are provided from available measurements. Correspond-
TFe/BC K,’:(_:./BC Cre/BC ingly, if we assume that the absorption properties of BC and

(") Fe (expressed Vi g% and K 249 do not change for obser-
vations at the given site with its constant sources, then we
Making an additional assumption that the Fe and BC per-can use Eq. (11) in a multivariate regression analysis for the
centage of the total particulate mass is constant with altitudeestimation ofK 4i2° and K 0. Specifically, one can fit the
i.e. measurements of spectral SSA using Eq. (11) as a physical
cre(h) . cse () . model with unknown c/oefficientsl’g‘éo andK . The cor-
com ) const(Fe% andm = constBCY%). (8)  rectly fitted values o 440 and K 44° should reproduce the
variability of SSA observed in a redundant measurement set
we can rewrite Eq. (7) as follows: (the number of measured SS&2). Once the coefficients
K0 and K440 are derived, they can be used for estimat-
/ ) (9)  ing Fe% and BC% from measured SS&{, & and Cviotal
Text Keyt  ctotal (1) in each single aerosol event. With that purpose one can use
éhe following transformations of Eq. (11). The equation for
Sstimation of Fe% can be rewritten as

S .
Text K ext Chotal

TFe/BC Kl/:e/BC cre/BC (M)

Using this, the relationships in Eq. (4) can be expressed vi
specific aerosol absorption and extinction characteristics, an
mass concentrations known at any atmospheric altitude, for

example as: Fe%—
Ké‘gocvmtalplotal .BC%. <O 43,%‘3(:—"3 . waao 1) _ 0440—®1020
340 : 1020 1020
w440 — 01020 o (12)
= K,:e CvitotalPtotal
®1020 T
ext
Kol caclho) (0 4ec—4 _ 1) - Keb0  crtig) The expression for estimation of BC% can also be pre-
’ . /7
Ke‘)‘fo ctotal(h0) Ke‘)l(fo ctotal(h0) (10) Sented as
K440 h . . ’ ,
1— ZBc_ . ceclo)  (gPec—2 K'440¢ _
K240 - crotal(lo) Fe T\ﬁ)talptotal . FeY%-+ w44(gloa2)éozo
BC% = —. ext . (13)
see also Alfaro et al. (2004). Herge (ho), cgc (ho) and Kac Cvm(;alptotal . (0 43FPec—a. @0 _ 1)
. 44 .
crotal (ho) are the concentrations of the Fe, BC and total par- Text ©1020

ticulate mass at the near surface layer.

ios e
Thus,(hE)q. (10) allowed us to use the ratios ctotal(10) It should be noted that the SSA and its spectral dependence
cBclig

corresponding to the fractions of Fe and is sensitive not only to changes in aerosol composition, but

. Crota)(710) .
BC in"the  total particulate mass sampled at the surfacealso to the variability in aerosol size distribution (Dubovik et
level. The specific extinctionkaq° can be estimated al., 1998). This can explain the fact that thagstiom ex-

as Kgd0=c320.coL, where 240 is directly measured by ponent of extinction is included in Eq. (11) as a parameter to
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account for the SSA spectral variability caused by changes irtompleting this information. Thus AERONET retrievals can
size distribution. It is also important to note that BC absorp-be utilized for deriving both, BC and Fe concentrations.
tion spectral dependence (included in Eq. (11)Afmystom
exponent) can be different for different types of BC. How- 4.6 Evaluation of the derived relationship
ever, we assume that the aerosols observed in the current
study contain similar types of BC. Correspondingly, we im- In order to evaluate our attempt to assess the Fe concentra-
plemented a series of fits with different valuesagt and  tion, we utilized AERONET retrievals from several locations
have chosen the one valugs£=0.8) that yielded the high- (Table 1). For some of these locations the Fe concentra-
est fitted correlation coefficient. Although it differs from the tions had been reported in the literature and were available
commonly used value of one, it is still in the range of possi- for comparison. Specifically, we used an average of all avail-
ble values presented in the literature, e.g., (Kirchstetter et al.able data from several years from the following sites: Sede
2004). Since, in our case, the bulk material was dust, we utiBoker, Israel; Solar Village, Saudi Arabia; and Bahrain, Per-
lized the density of dust and assumegly of 1gcntt e.g., sian Gulf. For the Dunhuang site in China, average val-
(Cattle et al., 2002). However, the dust density may vary inues observed during the ACE-Asia field campaign (April—
the range from around 1 to 2gcrh e.g., (Sugimae, 1984; May 2001) were used. For the Capo Verde and Dakar sites
Mamane and Dzubay, 1988; Simonson, 1995; Seinfeld et al.in North-western Africa, average values for about ten years
2004; Menendez et al., 2007). of observations, during the dust-dominated season of April—

The performed multivariate regression analysis of Eq. (11)November, were used. An accumulated error was estimated
yielded K 40=0.037:0.008 and K/4°=0.013:0.005 in order to assess the uncertainty in the calculated Fe per-
(£Standard Error). Note that by using BC and Fe fractionscentage. This error is caused by uncertainty in the variables
instead of percentages in Eq. (11), the derived specific maséBC, &, SSA, raal, andCior) and uncertainty of the derived
absorptions are:K ;2°=3.7mfg %, and K#°=1.3nPg~1.  relationship (i.e., errors of the regression coefficients). Since
The regression is significant at<0.0001, the fitted cor- measured concentrations of BC were not available, they were
relation coefficient is 0.74, and the coefficient of multiple assumed to be=30.3% for the Middle East region (based on
determination £2) is 0.55. This means that Fe, Beéfo, a existing data for the Sede Boker site), ant011% for lo-
and Cyota) in this model explain 55% of the variance in the cations and periods where strong contamination was not ex-
spectral single scattering albedo. The rest of the variancgected. The error faf was estimated as 0.1. The error of the
may be explained by the following facts: (i) Fe is not SSA was assumed to be 0.03, which is the reported error of
directly related to the optically relevant iron oxide (Lafon the SSA values (Dubovik et al., 2002a). However, for events
et al., 2004), (ii) other components of mineral dust may with high aerosol optical thickness, the SSA accuracy can in-
contribute to dust absorption (Jacobson, 2001), (iii) spectratrease up to 0.01. The reported errorr8§® measurements
absorption of pollution cannot be completely explained byby AERONET is 0.01. The error of: was estimated as
measured BC, (Bond, 2001; Kirchstetter et al., 2004), andbeing 5%.
(iv) measurement uncertainties. The calculated percentages of Fe for several locations are

For the purposes of comparison, tighi® andk #®were  presented in Table 1 for the assumed BC concentrations, and
also estimated using Mie theory calculations. For instanceaccompanied by the standard errors representing SSA accu-
the specific mass absorptions, calculated by Mie theory, wereacy of £0.03 and+0.01. These errors were in the range
4.7nf g1 for BC and 1.3 m?g for Fe. The refractive index of +41% to 58% for the worst-case scenarios’. However, if
at 440 nm used in the Mie calculations for BC was1.76—  SSA accuracy could be improved up4®.01, the errors of
0.45 (Shettle and Fenn, 1979), and for Fe it was3—-0.2 calculated Fe concentration would range betw&&3% to
(Jennings, 1993). Here, we also useggz=2.26 gcnT! 38%. In Table 1 the calculated percentages of Fe are com-
(Hess and Herd, 1993) and @e=5.24gcnt! (Sugimae, pared with values reported in the literature. For example,
1984) for converting volume to mass concentrations. ThusGanor and Foner (1996) gave a median Fe content of 2.9%
the K0 and K 40 derived by the regression equation and for dust storms in Israel. This value is a result of completely
by the Mie calculations were in agreement. The obtainedindependent measurements, and reasonably agrees with the
values also remained comparable and of the same order ofalue of 2.4:-1.4% calculated by the derived equation. The
magnitude as when we varied the assumed refractive indicesalculated Fe percentage for the Dunhuang site in China dur-
and aerosol densities over a possible range. Therefore, cofing ACE-Asia of 3.11.4% is comparable to the observed
sidering all the assumptions, the agreement obtained is ernvalue of 4.6:0.9% (Zhang et al., 2003). The calculated
couraging. Fe percentage of 642.6% and 5.2:2.3% for Capo Verde

A drawback of the above model is that this approach re-and Dakar in North-western Africa are comparable to the
quires information on BC in order to derive the Fe concen-value reported by Lafon et al. (2004), who found a mean
tration, and vice-versa. However, for example, a recent studyre value of 6.3:0.9% in Niger, where the probable source
on inversion of AERONET retrievals into BC concentrations was the Chad basin. It is also fairly comparable to the value
(Schuster et al., 2005; Dey et al., 2006) can be employed foof 4.45+0.49% (Guieu et al., 2002), which was proposed as
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Table 1. Reported in literature and calculated percentage of Fe in total particulate mass (TPM) for several locations with dust-dominated
conditions, and corresponding measured spectral single-scattering all@edér(gstrbm exponent (aa), aerosol optical thicknesst{, and

column volume concentratiorC(otq)). Calculated Fe is for an assumed BC percentage and accompanied by an error assessed for the SSA
accuracy oft0.03 and+0.01, respectively.

Measured values Assumed Calculated Reported in literature
wg® wf00 & 30 Cyrotals BC, %TPM  Fe, %TPM Fe, %TPM
mwmZpum—
Sede Boker, Israel, 0.91 0.96 0.24 058 0.40 3 241.4+0.9) 2.9 (Ganor and Foner, 1996)
Middle East
Solar Village, Saudi Arabia, 0.90 0.97 0.22 059 043 3 441.7£1.4) _
Middle East
Bahrain, Middle East 0.90 0.97 0.32 0.63 042 3 450+1.5) _
Dunhuang, China, Asia 0.93 0.98 0.04 0.97 0.85 1 341.4+1.1) 4.0t0.9 (Zhang et al., 2003)
(April-May 2001)
Capo Verde, Atlantic, 091 0.97 0.18 0.63 041 1 6:2R.6+2.4) 4.45:0.49 (Guieu et al., 2002)
North-western Africa 6.3+0.9 (Lafon et al., 2004)
(April-November)
Dakar, Senegal, 091 0.96 0.20 0.67 0.42 1 5:29.3+2.0)

North-western Africa
(April-November)

characterizing Saharan dust. However, it is lower than theability of that level or lower may be expected for the ratio
reported 7.80.4% in the Sahelian zone (Lafon et al., 2004). at a regional scale. Thus, given the present lack of knowl-
In summary, the calculated percentages of Fe and those reedge, we concluded that a fixed oxide-to-total iron ratio is
ported in the literature appear comparable. Considering then acceptable assumption for the conducted analysis of the
agreement between the calculated results and the results resgional aerosol observations.

ported in the literature, one may also expect improvement of

modeling accuracy by the presented approach with increas-

ing number and quality of observations. 5 Summary and conclusions

One additional aspect should be discussed here for the
proper interpretation of the results obtained. That is, howThe importance of the radiative and biogeochemical impact
representative is the total iron concentration for the iron ox-of iron on the climate system requires the estimation of the
ide content of the aerosol? Iron oxide is present as a majoiron distribution, especially in regions of the globe that are
aerosol component affecting the short-wavelength absorptiostrongly affected by mineral dust. The observed mixtures
of mineral dust. However, iron oxide represents only partof dust and pollution aerosols over the Negev desert of Is-
of the total iron, which may also exist in the crystal lattice rael enabled the characterization of the relationship between
of numerous other desert minerals. The iron oxide-to-totalspectral absorption and chemical composition. We have pre-
iron ratio in natural and soil-derived aerosols was charactersented the response of remotely sensed aerosol spectral ab-
ized by (Lafon et al., 2004; 2006). They reported consider-sorption to varying iron concentrations, and suggested an
able variability in the iron oxide-to-total iron ratio for var- approach for the estimation of the iron content of the dust
ious regions and sampling conditions. Lafon et al. (2006),aerosol. The following is a summary of specific conclusions
however, conclude that there is no clear relationship betweeinferred in this study.
the oxide-to-total iron ratio and dust origin or aging; though,
both effects probably play a role, and additional studies are 1. Mineral-dust-derived Fe (mostly in the coarse size frac-
required. Based on all the values for the oxide-to-total iron tion) and pollution-originated BC (mainly in the fine
ratio reported in (Lafon et al., 2004; 2006) we calculated an fraction) were found to be supplied to the Negev desert
average of 0.5440.10) @&Std. Dev.). This variability can from different sources. Individual particle analysis of
be reduced by removing the largest outliers, therefore a vari-  some dust events demonstrated the presence of typical
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ring and open soot clusters, both externally-mixed andAngstrom, A.: On the atmospheric transmission of sun radiation
attached to dust particles. and on dust in the air, Geogr. Ann., 11, 156-166, 1929.
) o Behrenfeld, M. J., Bale, A. J., Kolber, Z. S., Aiken, J., and

2. The difference SSA(440)-SSA(1020), which indicates  falkowski, P. G.: Confirmation of iron limitation of phytoplank-
SSA spectral behavior, showed a trend from negative ton photosynthesis in the equatorial pacific ocean, Nature, 383,
(stronger absorption in 440 nm) to positive (stronger ab- 508-511, 1996.
sorption in 1020 nm) values as the total iron concentra-Bond, T. C.: Spectral dependence of visible light absorption by
tion decreased and the role of BC increased. carbonaceous particles emitted from coal combustion, Geophys.

Res. Lett., 28, 4075-4078, 2001.

3. While the suggested approach should be validated undegond, T. C., Streets, D. G., Yarber, K. F., Nelson, S. M., Woo, J.
different conditions in order to assure the consistency of H., and Klimont, Z.: A technology-based global inventory of
the method, the presented results are encouraging and black and organic carbon emissions from combustion, J. Geo-
support the validity of the approach. The accuracy ofthe phys. Res., 109, D14203, doi:10.1029/2003JD003697, 2004.

presented method can be improved with h|gher qua"tyBOﬂd, T. C. and Bergstrom, R. W.: Light absorption by carbona-
and increased number of observations. ceous particles: An investigative review, Aerosol Science and

Technology, 40, 27-67, 2006.
An advantage of the derived relationship is the use of actuaBoyd, P. W., Watson, A. J., Law, C. S., Abraham, E. R., Trull, T,
ambient aerosol measurements, namely, the retrieved spec- Murdoch, R., Bakker, D. C. E., Bowie, A. R., Buesseler, K. O.,
tral absorption from the total column, and in-situ Fe and BC Chang, H., Charette, M., Croot, P., Downing, K., Frew, R., Gall,
concentrations. Such an approach does not involve modeling M., Hadfield, M., Hall, J., Harvey, M., Jameson, G., LaRoche,
of aerosol composition and optical characteristics. The ap- J-, Liddicoat, M., Ling, R., Maldonado, M. T., McKay, R. M.,
proach suggested here may be employed for the estimation Nodder, S., Pickmere, S., Pridmore, R., Rintoul, S., Safi, K.,
of the iron concentration in mineral dust, and further may ~Sutton. P., Strzepek, R., Tanneberger, K., Turmer, S., Waite, A.,
enable quantification of the iron distribution and deposition and Zeldis, J.: A.mesoscale .phytOpl.a.nkt(.)n bloom in the polar
during dust storm events. southern ocean stimulated by iron fertilization, Nature, 407, 695—
702, 2000.
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