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Abstract

The spectral optical properties of Asian mineral dust suspended in seawater exhibit significant variability asso-
ciated with the origin (and, hence, the chemistry and mineralogy) and particle size distribution of the samples. The
measurements of dust samples from different locations show that the mass-specific absorption coefficient of particles,
a , at a wavelength of light l 5 440 nm, varies from about 0.028 m2 g21 for the soil dust from Chinese desert*p
near Dunhuang to 0.15 m2 g21 for the soil dust of volcanic origin in Cheju Island (South Korea). At l 5 400 nm,
this range is 0.05–0.23 m2 g21. The aerosol sample collected in the Sea of Japan during a massive dust storm in
East Asia shows a (l) . 0.1 m2 g21 for l , 425 nm. The mass-specific scattering coefficient, b (l), ranges from* *p p

about 0.8 to 1.5 m2 g21 at blue and green wavelengths for the samples examined. The single scattering albedo, vo,
increases with wavelength. For l . 400 nm, vo was .0.78 for the sample from Cheju Island and .0.9 for other
samples. In the near-infrared region (750–850 nm), where absorption by dust particles is small or undetectable, vo

was close to 1.

In the coastal marine environments, mineral particles often
represent a significant fraction of suspended particulate mat-
ter because of river discharge, coastal erosion by wave and
current action, and bottom resuspension. Much of this ma-
terial is efficiently trapped on the continental shelves and
slopes. In the open ocean, it is generally assumed that the
abundance of mineral particles is sufficiently low that the
optical properties of surface water are dominated by plank-
ton microorganisms and associated detrital matter (Morel
and Prieur 1977). However, it has long been recognized that
atmospheric transport and the deposition of mineral dust
originating from arid and semiarid continental regions covers
a large part of the global ocean (Prospero 1990). This source
of minerogenic particles has been of major interest to studies
of the vertical particle fluxes to the deep ocean (Kremling
and Streu 1993) and the delivery of iron to the upper water
column (Duce and Tindale 1991). The role of mineral par-
ticles in ocean optics remains poorly known, although their
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potential significance has been suggested even in the oligo-
trophic ocean (Stramski et al. 2001; Claustre et al. 2002).

The dust storms in China and Mongolia are particularly
important as a source of mineral dust over East Asia and
North Pacific (Uematsu et al. 1983; Merrill et al. 1989). In
the winter, when the land surface is frozen or wet the oc-
currence of dust storms is low. During the spring, the land
warms up and the synoptic disturbances are still strong,
which leads to an increase of dust mobilization and aeolian
dust transport for long distances. Storm and frontal activity
are most prevalent in April, which produces large outflows
of complex aerosol mix, including mineral dust and anthro-
pogenic compounds (Merrill et al. 1989; Husar et al. 2001).

The physical, chemical, and radiative properties of Asian
aerosol were recently measured from a variety of platforms
during the Asia-Pacific Regional Aerosol Characterization
Experiment (ACE-Asia), to assess the climate impact of
aerosols (Huebert et al. 2003). Unfortunately, the determi-
nations of optical properties of aerosols typically lack direct
measurements of the absorption and scattering coefficients
over wide spectral range from the near–ultraviolet (near-UV)
to near–infrared (near-IR) with high spectral resolution. In
addition, the optical properties of aerosols in air are gener-
ally not representative of the properties of particles suspend-
ed in water. The present article reports on optical determi-
nations for mineral dust samples suspended in seawater. The
samples represent dust source regions in China and aerosols
collected in the Sea of Japan when a massive dust storm
occurred in April 2001 during ACE-Asia.

Materials and Methods

Description of samples—We analyzed four soil dust sam-
ples collected in China, one soil dust sample from the Ko-
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Table 1. Identification symbol, type, and origin of the particulate samples from which the aqueous suspension was prepared. The
concentration of the dry mass of particles (SPM) in suspension and the concentration of particulate organic carbon (POC) in suspension
are given.

Sample ID Description Geographical location
SPM

(g m23)
POC

(g m23)

URU
DUN
ZHE
XIA
KOS
JES

Soil, Urumqi, China
Soil, Dunhuang, China
Soil, Zhenbeitai, China
Soil, Xian, China
Soil, Kosan, Cheju Island
Aerosols, Sea of Japan
(11–14 Apr 2001)

438489 N, 878359 E
408309 N, 948499 E
388149 N, 1098489 E
348159 N, 1088509 E
338299 N, 1268169 E
328229 N–378329 N

1288369 E–1318509 E

17.86
16.13
19.77
18.35
26.14
17.12

0.785
0.422
0.713
0.660
1.148
0.963

Fig. 1. Location of sampling sites and major atmospheric tra-
jectories of dust transport in East Asia. The north route is indicated
as 1, the northwest route as 2, and the west route as 3. The north
route is associated with dust storms in the southern Gobi Desert in
Mongolia and northern China. Route 2 results in dust storms that
occur mainly along the Hexi Corridor and the deserts in northern
China. Route 3 causes heavy dust storms in the Hexi Corridor and
northern China but also frequently in the Taklimakan Desert. The
long range transport routes are indicated as A, B, C, and D (mod-
ified after Sun et al. 2001). The sampling stations are: DUN: Dun-
huang, JES: Sea of Japan, KOS: Kosan, URU: Urumqi, XIA: Xian,
ZHE: Zhenbeitai. Land is shown in shades of gray.

rean island Cheju, and one aerosol dust sample collected in
the Sea of Japan (Table 1, Fig. 1). The samples from China
cover a broad range of locations from one of the largest
aerosol source regions on Earth. Urumqi (URU) and Dun-
huang (DUN) are representative of mineral dust derived
from desert areas in northwestern China, the Zhenbeitai
(ZHE) sample is from the transitional zone between the de-
sert and the Chinese loess plateau, and Xian (XIA) repre-
sents the loess plateau. Cheju is a volcanic island off the
southern coast of the Korean peninsula. The soil sample
(KOS) from this island was collected at the aerosol sampling
station at Kosan. The aerosol sample from the Sea of Japan
(referred to as JES for the Japan/East Sea) was collected
aboard the NOAA R/V Ronald H. Brown during the ACE-
Asia cruise. This sample was obtained by dry deposition
between 11 and 14 April 2001, when a major dust plume
from the Asian continent was transported over the ocean

(Gong et al. 2003). The majority of dust deposition during
the collection of the JES sample occurred on 11 April 2001.
Both the KOS and JES sites are located downwind along
the trajectories of prevailing winds that bring dust from the
continent.

Optical measurements—Prior to optical measurements,
the powder samples of particles were suspended in prefilter-
ed seawater (0.2 mm Nalgene sterile filter, seawater obtained
at the pier of the Scripps Institution of Oceanography) and
allowed to settle in a small beaker for 30 min to remove
large particles from the suspension. The particulate fraction
that was still in suspension after the settling period was ex-
posed to ultrasonication for a few minutes. This suspension
was then used for optical measurements of the absorption
and beam-attenuation coefficients and other analyses.

Measurements of spectral absorption were made with a
dual-beam spectrophotometer (Lambda 18; Perkin Elmer)
equipped with a 15-cm Spectralon integrating sphere (RSA-
PE-18; Labsphere). For each sample, scans of absorbance
(or optical density) were made on at least two aliquots of
particle suspension in the spectral range from 300 to 850 nm
at 1-nm intervals using a 2-nm slit and a scan speed of 120
nm min21. The replicate scans were averaged to provide the
final sample spectrum. The baseline spectrum representing
the particle-free reference was measured on seawater filtered
through a 0.2-mm filter. Samples and reference were put in
1-cm quartz cuvette in a special holder (Labsphere) at the
center of the integrating sphere. This geometry ensures that
the absorption measurement of particle suspension is subject
to only a small scattering error (Babin and Stramski 2002).
However, one problem of this measurement procedure is that
small negative values of absorbance are produced in the
spectral region where absorption by particles is null or very
weak, generally in the near-IR between 700 and 850 nm.
This effect has been attributed to differences between the
sample and reference measurements in terms of the fraction
of incident beam reflected by cuvette walls and then escap-
ing from the integrating sphere through the sample beam
port.

A simple way of correcting for this artifact is to shift
upward the measured absorbance spectrum by a value cor-
responding to the negative offset observed in the near-IR
region, so the resultant absorption values in that region are
zero. We applied such correction to our data, which is re-



751Optical properties of Asian dust

ferred to as null-point correction. Because certain types of
particles are likely to exhibit some absorption in the near-IR
(Tassan and Ferrari 2003), it is important to test the extent
of possible violation of the assumption of null-point correc-
tion. We estimated an approximate level of near-IR absorp-
tion for two samples, DUN and KOS, which exhibited the
lowest and highest absorption, respectively, at visible wave-
lengths among the samples examined. For this purpose, we
made additional measurements of these samples with a cu-
vette tilted by 98 in the holder inside the integrating sphere
(Babin and Stramski 2004). The angle of incidence of the
primary beam on the cuvette in this modified setup is 98
rather than 08, as in the normal setup. With the 98 setup, the
fraction of the primary unscattered beam, after being reflect-
ed on the cuvette wall, does not escape from the integrating
sphere through the sample beam port. This eliminates the
negative absorbance values observed in the near-IR with the
normal setup. Because small scattering/reflection artifacts
still existed in the modified setup, it was necessary to de-
termine a position of a ‘‘baseline’’ representing the zero ab-
sorption in the near-IR. We determined an approximate base-
line from measurements on kaolinite suspension (a white
powder obtained from Source Clay Minerals Repository,
University of Missouri, ref. KGa-1B, which shows negligible
absorption in the visible and near-IR; see Babin and Stramski
2004). In the baseline determination, the scattering proper-
ties of the kaolinite sample were adjusted as close as possible
to those of the examined DUN and KOS samples. Specifi-
cally, the turbidity of the kaolinite sample (i.e., the beam
attenuation coefficient) was adjusted to be nearly identical
to that of DUN and KOS, and the particle size distribution
of kaolinite sample was also similar to that of DUN and
KOS.

The procedure for measuring the spectral beam attenua-
tion coefficient of particles, cp(l), was similar to that for
absorption with the exception of the measurement geometry.
For measuring cp(l), the cuvettes were placed at significant
distance from the detector (;25 cm from the entrance port
to the integrating sphere), and field stops were aligned within
the light path, to reduce the size of the beam and acceptance
angle of the detector to ,18. No correction was made for
light scattered at very small angles within the receiving ap-
erture of the detector, so the measured cp(l) may slightly
underestimate (by a few percent) the true beam attenuation
coefficient (Bricaud et al. 1983). The measurements of cp(l)
were made with a 5-nm slit, which provided a desirable in-
crease in the radiant power of the beam with no adverse
effect on the measured cp(l) spectra, which were relatively
smooth and featureless. The optical measurements were
made on optically thin suspensions of particles with cp , 40
m21 (,30 m21 for l . 400 nm). Thus, for a pathlength of
0.01 m the optical thickness was ,0.4. These conditions
correspond to the photon mean free path .2.5 cm and neg-
ligible effects of multiple scattering within the 1-cm cuvette
(Stramski and Piskozub 2003). The beam attenuation mea-
surement was always made first before the absorption mea-
surement, which allowed us to obtain an appropriate optical
thickness of the final sample by dilution with particle-free
seawater.

The spectral absorption coefficient of particles, ap(l) in

m21, and the beam attenuation coefficient of particles, cp(l)
in m21, were calculated by multiplying the baseline-corrected
absorbance values of the sample by ln(10) and dividing by
the path length (5 0.01 m). The spectral scattering coeffi-
cient of particles, bp(l), was calculated as a difference cp(l)
2 ap(l), and the single scattering albedo of particles, vo(l),
as a ratio bp(l)/cp(l).

Particle size distribution, dry weight, and particulate or-
ganic carbon (POC) analyses—The particle size distribution
(PSD) was measured with a Beckman-Coulter Multisizer III
equipped with a 30-mm aperture tube using 256 size bins
spaced logarithmically between the equivalent spherical di-
ameters (D) of 0.6 and 18 mm. The data for D , 0.8 mm
are omitted from the analysis, to avoid the effects of instru-
ment noise. In order to minimize coincidence effects (below
the 5% level), the particle counts were made on suspensions
diluted four times, compared with samples used in the op-
tical measurements. Because the beam attenuation and ab-
sorption measurements were separated in time (by no more
than 60 min), the size distribution was measured twice—first
during the attenuation measurement and then again during
the absorption measurement. We observed no significant
changes in PSD within the time period necessary to com-
plete the optical measurements. The differences in particle
counts were typically ,10% for any given size bin in the
range of D , 3 mm, where particles were most abundant.

In parallel to these measurements, 25–40 ml of sample
were filtered onto preweighted 0.2-mm Nuclepore polycar-
bonate membrane filters (Whatman). These filters were dried
at room temperature at relative humidity of 30–40% for 2–
3 d before measuring the mass (weight) of particles with a
micrometric balance (MT5; Mettler-Toledo). The mass con-
centration of particles in suspension, referred to as the total
suspended particulate matter (SPM), was determined from
weight measurements on duplicate filters. The reproducibil-
ity between duplicates was within (or better than) 5%. We
also tested the 0.02-mm Anopore aluminum oxide membrane
filters (Anodisc; Whatman) for particle weight determina-
tions. These tests showed no increase of particle weight com-
pared with that measured on the 0.2-mm filters, which in-
dicates a negligible contribution of particles ,0.2 mm in size
to the total particulate mass in our samples.

The POC was determined by means of high-temperature
combustion with a CEC 440HA Elemental Analyzer (Con-
trol Equipment). For these determinations, the samples were
prepared by filtering 30–80 ml of the particle suspension
onto GF/F filters (Whatman) precombusted at 4508C for 1
h. Before the analysis, the filters were first treated with 0.25
ml of 10% HCl to remove inorganic carbon and then dried
at 558C.

Results and discussion

All samples are dominated by small-sized particles (Fig.
2A,B). The cumulative particle count for the size range 0.8–
3 mm varied between 93% and 99% of the total particle
count. The concentrations of particles .10 mm were below
a detectable level, at least 5 orders of magnitude lower than
the concentrations of 1-mm particles. For all samples, the
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Fig. 2. (A) The density function of particle number size distri-
bution for our samples suspended in seawater as obtained from mea-
surements with a Beckman-Coulter Multisizer III. (B) Same as pan-
el A, but for the particle volume concentration. (C) Comparison of
the shape of the particle number size distribution of the JES sample
suspended in seawater with the size distributions of aerosol, which
were measured on the ACE-Asia cruise during the same day that
our JES sample was collected (11 April 2001). The aerosol size
distribution data were obtained by a combination of measurements
with an ultrafine differential mobility particle sizer (UDMPS) in the
range of particles ,0.026 mm in size, a differential mobility ana-
lyzer (DMPS) in the range of 0.02–0.671 mm, and an aerodynamic
particle sizer (APS) in the range .0.54 mm (data from PMEL At-
mospheric Chemistry Data Server: http://saga.pmel.noaa.gov/data/
index.html).

slope of PSD on a log-log scale became steeper with in-
creasing D. This is consistent with modeling the steady-state
particle size distribution in aquatic systems (Burd and Jack-
son 2002) and measurements of natural seawater samples,
which often show a significant change in slope within the
diameter range between 1 and 10 mm (Bader 1970; McCave

1975). Compared with a typical slope of 24 (the Junge dis-
tribution), our PSDs were somewhat less steep at particle
diameters ,1–1.5 mm and steeper at diameters .3–5 mm.
The KOS and JES samples showed generally less steep
slopes than the remaining samples. The distributions of par-
ticle volume concentration of KOS and JES had a maximum
between 2 and 3 mm (Fig. 2B). For these samples, about
one-half of the total particle volume measured was attrib-
utable to particles ,3 mm in diameter (46% and 54% for
KOS and JES, respectively). For other samples, this per-
centage was significantly higher (71%–79%). Of interest, the
shape of PSD for aqueous suspension of the JES sample was
consistent with the shape of size distribution of aerosols
measured on the ACE-Asia cruise at the same time that our
sample was collected (Fig. 2C).

A small amount of POC relative to SPM (Table 1) indi-
cated that our samples are dominated by mineral particles.
If we assume that the dry mass of organic matter was 2.5-
fold higher than the POC content (van Raaphorst and Mel-
schaert 1996), an estimate of the contribution of organic mat-
ter to SPM varies between 6.5% (DUN) and 14.1% (JES).
The mineralogy and chemistry of our samples were not an-
alyzed, but previous studies indicated that aerosols originat-
ing from the Asian continent are complex and heterogeneous
(Leinen et al. 1994; Gao and Anderson 2001). A global da-
tabase of the mineral composition of erodible soils shows
that the clay fraction of soils from the arid and semiarid
regions of China and Mongolia are rich in illite, kaolinite,
and smectite and that the silt fraction is dominated by quartz
and feldspars with smaller amounts of calcite, iron oxides,
and gypsum (Claquin et al. 1999).

The optical spectra of particles discussed below are pre-
sented as the mass-specific absorption, a (l), and scattering,*p
b (l), coefficients. These coefficients were obtained by nor-*p
malizing ap(l) and bp(l) to the particle mass concentration
derived from weight measurements on 0.2 mm Nuclepore
filters. All samples exhibited an increase of absorption with
decreasing wavelength toward UV, with more or less pro-
nounced changes in the spectral slope in the green, blue, and
near-UV regions (Fig. 3A). These spectral features were
most likely caused by iron content (Karickhoff and Bailey
1973; Sherman and Waite 1985). Iron can be associated with
various mineral species as a structural element in the mineral
lattice or exchangeable cation on the particle surface. It can
also form crystals of iron oxides and oxide hydroxides such
as hematite and goethite. The magnitude of a (l) exhibits*p
considerable variations among the samples, which was also
observed visually as a change in color from pale yellowish
(DUN) to dark brown (KOS) for the samples collected on
filters. The difference in a (l) was a factor of .4 at blue*p
wavelengths and a factor of 10 at green wavelengths be-
tween the highest values for KOS and the lowest values for
DUN. At l 5 440 nm, a varied from about 0.028 m2 g21*p
for DUN to 0.15 m2 g21 for KOS. At 400 nm, a varied*p
from about 0.05 m2 g21 for DUN to 0.23 m2 g21 for KOS.
This variation is consistent with the range of values observed
by Babin and Stramski (2004) for various mineral-dominated
particle assemblages, including aerosol-derived Saharan dust
and soil particles from the desert areas of northern Africa
and Kuwait. The JES sample in our study showed relatively
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Fig. 3. (A) Spectra of the mass-specific absorption coefficient,
(B) mass-specific scattering coefficient, and (C) single-scattering al-
bedo for the samples suspended in seawater. The spectra for DUN
and KOS were based on the absorption measurements with a 98
cuvette setup inside the integrating sphere. The spectra for the re-
maining samples were based on the absorption measurements with
a normal cuvette setup inside the sphere and a null correction in
the near-IR (see text for details).

strong absorption, with a (l) . 0.1 m2 g21 for l , 425 nm.*p
The URU, ZHE, and XIA samples had nearly identical ab-
sorption spectra with intermediate magnitude. Of interest,
the most absorbing samples, KOS and JES, were subject to
stronger package effect than other samples. The package ef-
fect increases with an increase in particle size, which nor-
mally results in a reduction of the mass-specific absorption
coefficient (Morel and Bricaud 1981). If the particle size
distributions of KOS and JES were steeper (like those for
other samples; see Fig. 2), the a values for KOS and JES*p
would be even higher.

The special measurements with a modified measurement
system (a 98 cuvette setup) showed that the absorption co-
efficient of particles in the near-IR can vary from very small
or undetectable level (DUN sample) to sizable signal (KOS
sample). For DUN, an estimate of the blue (l 5 400 nm)
to near-IR (l . 700 nm) absorption ratio was at least 35.
The a values in the near-IR were ,0.0015 m2 g21. These*p
values were essentially below the level of meaningful detec-
tion with our measurement system, because they correspond-
ed to extremely small absorbance values of about 1024. In
contrast, KOS appeared to have sizable absorption in the
near-IR. The estimates of the ratio of blue (400 nm) to near-
IR (750 and 800 nm) absorption of KOS were ;10 and 17,
respectively. The a values were about 0.015 m2 g21 at 750*p
nm and 0.013 m2 g21 at 800 nm (see curve 5 in Fig. 3A).
No special measurements for estimating possible absorption
in the near-IR were made for the remaining samples, so they
are plotted in Fig. 3A with the zero values in the near-IR.
In reality, these samples may exhibit small near-IR absorp-
tion in the range between DUN (nearly indistinguishable
from zero) and KOS.

The variability in the mass-specific scattering coefficient,
b (l), was smaller than absorption (Fig. 3B). The samples*p
of Chinese soil (URU, DUN, ZHE, and XIA) showed similar
b (l), with the magnitude of scattering increasing consid-*p
erably toward the short-wavelength portion of the spectrum.
XIA showed the steepest wavelength dependence of b (l)*p
; l21 over the spectral region 300–800 nm, with the squared
correlation coefficient r2 5 0.98 for the log-transformed var-
iables of l and b . For JES, the spectral slope of b (l) was* *p p

less steep. The spectral slope was 20.25 over the 300–800
nm region (r2 5 0.79) and 20.37 over the 400–800 nm
region (r2 5 0.94). The KOS sample also showed a relatively
weak spectral dependence, although, in this case, the scat-
tering increased with l from the UV to ;560 nm and then
decreased with an increase in l. These differences in the
spectral shape between the samples were consistent with the
particle size data. The samples having relatively more large
particles (KOS and JES) were characterized by weaker de-
pendence of scattering on wavelength. The weaker spectral
dependence for KOS and JES can be also partly attributed
to an enhanced absorption at short wavelengths, which re-
duces the scattering in the blue and UV. This effect was
especially well-pronounced for KOS.

The observed variability in the wavelength dependence of
scattering was generally consistent with the range expected
for various particle assemblages in marine environments
(Morel 1973; Babin et al. 2003). However, the b (l) values*p
for our samples were higher than those observed in some
coastal waters around Europe by Babin et al. (2003). They
reported the typical values of about 0.5 m2 g21 at 555 nm,
which were theoretically explainable by mineral particles
that have size distribution with a relatively gentle slope (24
or less steep) and a low or negligible degree of hydration.
Our data for b (555) ranged from 0.9 for KOS to 1.34 m2*p
g21 for JES. For the samples from China, b (555) was be-*p
tween 1.02 and 1.17 m2 g21. The values close to 1 m2 g21

are considered to be typical for watery organic particles that
have a lower density and refractive index than minerals (Ba-
bin et al. 2003). Because our samples contained only small
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amounts of organic particles, an explanation for the rela-
tively high values of b (555) may include the rather steep*p
size distribution of mineral particles (with a slope that is
effectively steeper than 24), significant hydration of min-
erals suspended in water, or both. Such characteristics of
mineral suspensions in ocean waters would make it difficult,
or impossible, to distinguish minerals from organic particles
on the basis of the mass-specific scattering coefficient.

The single scattering albedo, vo(l), increased with wave-
length and approached 1 in the red and near-IR region (Fig.
3C). By applying our estimates of near-IR absorption (from
measurements with the 98 cuvette setup), vo(l) was .0.981
for KOS and .0.998 for DUN at l . 750 nm. At visible
wavelengths, l . 400 nm, vo(l) was .0.78 for KOS and
.0.9 for all the remaining samples. The range of vo from
about 0.8 to 0.9 at 400 nm was consistent with observations
from coastal waters and theoretical predictions for mineral
particulate assemblages with the Junge-type size distribution
(Babin et al. 2003). Because of weak absorption, DUN
showed the highest values of vo(l): 0.968 at 400 nm and
0.989 at 500 nm. For JES, vo(400) 5 0.917, vo(500) 5
0.968, and vo(600) 5 0.989.

The knowledge of the optical properties of mineral par-
ticles suspended in seawater is a prerequisite to achieving a
detailed understanding of the marine optical environment
and applying optical techniques in oceanography, including
ocean color remote sensing. However, the required quanti-
tative data are still very limited. The prospect for routine
determinations of the spectral optical properties of mineral
particles from in situ measurements is problematic, because
natural assemblages of suspended particles in the ocean are
the complex mix of organic and inorganic particles. The the-
oretical modeling of particle optics has also a limited value
because of unavoidable simplifying assumptions about the
size, shape, and refractive index of real mineral particles
suspended in seawater. Babin and Stramski (2004) reported
on laboratory measurements of the absorption properties of
various samples dominated by mineral particles, mainly
from the arid and semiarid areas in northern Africa. Here
we present the absorption and scattering data from labora-
tory measurements on mineral-dominated particulate assem-
blages from Asia, which is also a major source region of
mineral dust for the Earth’s atmosphere and oceans. The lab-
oratory approach allowed us to accurately measure the hy-
perspectral optical properties of particles, which can addi-
tionally be accompanied by analyses of physical and
chemical properties of particles.

Although our measurements were not performed on min-
eral particles isolated from ocean water, we examined a
range of natural samples that may be representative of actual
mineral assemblages in seawater in terms of mineralogy, size
distribution, and associated optical properties. The data from
these initial experiments provide quantitative insights into
the variability in the spectral optical properties of mineral
particles suspended in seawater. This variability underscores
a need for more extensive studies, which are additionally
called for by potential contribution of mineral particles to
ocean optical properties. As an example, this contribution
can be assessed by combining our optical data for the JES
sample and estimates of deposition rates of Asian dust onto

the ocean surface during the dust storm event in April 2001.
The dry deposition rate of aerosol particles, Fd, can be cal-
culated as the product of mass concentration of aerosol par-
ticles, Ca, in the near-surface atmosphere and a dry deposi-
tion velocity, Vd (e.g., Gao et al. 1997). During the dust
storm, the concentrations Ca were of O(102) mg m23 or high-
er (Gong et al. 2003). The mean value of dry deposition
velocity for polydisperse populations of aerosols over Asian
coastal waters can vary from about 1 to 5 cm s21 (Gao et
al. 1997). To first approximation, we assumed Ca 5 300 mg
m23 and Vd 5 2 cm s21, which yielded Fd ø 0.5 g m22 d21.
The dust episode was observed for several days—at some
locations for as long as 2 weeks. Under the tentative as-
sumption that the flux of 0.5 g m22 d21 persisted for 4 d and
that the particle concentration after the deposition event was
uniform within the mixed layer down to a depth of 30 m
(with no particle losses from the mixed layer), we obtained
the concentration of mineral dust in surface water of 0.067
g m23. The product of this concentration and the mass-spe-
cific coefficients a and b at 440 nm for the JES sample* *p p

yielded a absorption coefficient, ap(440), of 0.0055 m21 and
a scattering coefficient, bp(440), of 0.094 m21. These esti-
mates of potential contribution of mineral particles to the
overall absorption and scattering by seawater are significant.
The absorption estimate was similar to pure water absorption
at 440 nm (0.00635 m21), and the scattering estimate was
nearly 20 times higher than the pure seawater scattering
(0.0049 m21). Although these calculations are simplistic, the
results illustrate that the atmospheric deposition of mineral
particles can be significant for ocean optical properties, even
if we consider the deposition only over a relatively short
period of time during a single dust storm event.
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