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ABSTRACT

Red to reddish-brown soils, collected on
San Salvador Island and Rum Cay, and sediment
from within submerged caves on Grand Bahama
and Andros islands were analyzed, using the EPA
Total Metals 6000/7000 Series method to deter-
mine their heavy metals content. The soils and
the cave sediment all contain many of the follow-
ing metals: As, Ba, Be, Cr, Cd, Co, Cu, Mo, Pb,
Ni, Sb, Se, Tl, Ag, V, Zn, Hg. Similar analysis
of lithified Bahamian limestone samples revealed
no detectable concentrations of any of the metals
cited above. XRD results show that the red clay
collected from the phreatic zone in Lucayan Cav-
erns on Grand Bahama Island is lepidocrocite, an
orthorhombic, biaxial crystalline iron oxyhydrox-
ide (FeO[OH]). The traditional qualitative expla-
nation for the accumulation of the insoluble ma-
terial in soils and paleosols on Bahamian islands
was the concentration of insoluble residues left
behind by limestone dissolution. However, con-
sidering the purity of Bahamian carbonate rocks,
this would require improbable amounts of car-
bonate dissolution. Additional data obtained dur-
ing recent analyses of paleosols, and a few soils
from several Bahamian islands to determine their
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source, show that the concentrations of the heavy
metals (such as V, Pb, As and Hg) detected in the
modern deposits are significantly higher than the
concentrations of those same metals in the paleo-
sols. These data suggest that the heavy metal con-
tent seen in Bahamian soils and the cave sediment
likely represents a long-range transport (LRT) sig-
nature. It is noteworthy that half of the modern
soil samples analyzed exceed the EPA Preliminary
Remediation Goals for residential soil in Florida
and California, and those regulations would likely
require that the contaminated soils be removed
or remediated prior to residential development.

Several earlier studies have indicated that
Saharan dust is the most likely source of the non-
carbonate components of Bahamian soils and pa-
leosols. Our analyses confirm that likely source
and indicate that this airborne material is also be-
ing transported into flooded caverns and caves.
In addition, the elevated metals content (esp. V,
Pb, and As) of the soils may indicate that some of
the airborne material may be dust derived either
from the Middle East via burning of coal and oil
and / or from lead and zinc mining areas in Al-
geria. The V and possibly some of the As may
be derived from volcanic events in the Caribbean.
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INTRODUCTION

The non-carbonate material in the red to
reddish-brown soils that can be found throughout
the Bahamas and the Caribbean have been identi-
fied as material from the Sahara and Sahel (e.g.,
Mubhs et al., 1990; Ersek et al., 2006). Interest
in the long range transport (LRT) of dust over
the planet has increased. Recently, it has been
documented that dust particles now coming out
of North Africa are carrying with them organic
pollutants and an array of microbes that may be
responsible for some of the diseases occurring on
the reefs in the Caribbean (Wright, 2005; Garrison
etal., 2006). The largest sources of dust to Earth’s
atmosphere are the Sahara and Sahel regions of
North Africa, and the Gobi, Taklamakan, and Ba-
dain Juran deserts of Asia (Griffin and Kellogg,
2004; Evans et al., 2004). The current estimate
for the quantity of airborne dust from arid regions
that moves some considerable distance in Earth’s
atmosphere each year is 2 billion metric tons (Per-
kins, 2001; Garrison et al., 2006). Fifty to 75%
of this quantity is believed to originate from the
Sahara and Sahel (Moulin et al., 1997; Perry et
al., 1997; Goudie and Middleton, 2001; Prospero
and Lamb, 2003). Significant North African dust
incursions into the Caribbean and western Atlan-
tic region occur on average about three times a
year. The events typically occur twice during the
summer and once during the spring time, with two
events from the Sahara and one from the Sahel
(Holmes and Miller, 2004; Chiapello et al., 1997).

This loose soil that has been collected on the
surface of the Bahamian islands of San Salvador,
Rum Cay, and North Andros, and in samples from
currently submerged caves from Grand Bahama
and South Andros (Figure 1), contain the following
metals in detectable amounts: Sb, As, Ba, Be, Cr,
Cd, Co, Cu, Mo, Pb, Ni, Sb, Se, TL, Ag, V, Zn, Hg.
The exceptionally high levels of Pb, As, total Cr,
and V found on Dixon Hill, San Salvador and in
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Figure 1. Map showing the Bahama Islands. Sam-
pleswerecollectedonSan Salvador, Rum Cay (black
dot), east end Grand Bahama, and South Andros.

Lucayan Caverns on Grand Bahama may indicate
that these metals are being somehow concentrated
at sites in the Bahamas. Average concentrations
of Pb in the transported Saharan dust (48 mg/kg)
were significantly higher than in the fine frac-
tion of the Saharan soils (24mg/kg) (Guieu et al.,
2002). The As content of dust material collected
in Mali, North Central Africa, was approximately
17 mg/kg. Arsenic in a cistern collected on the
eastern-most end of St. John, U.S. Virgin Islands
was 38 mg/kg and in Chassahowitzka, Flori-
da, 79 mg/kg (Holmes and Miller, 2002; 2004).

Holmes and Miller (2002; 2004) found
that As carried by dust was highest at the top of
their cores, a discovery they attribute to increased
desertification of the Sahel over the past few de-
cades. On average, the African dust supplies
about 25% of the As deposited from aerosols in
the southeastern U.S. (Homes and Miller, 2004).
In 2000, African dust that was examined in the
Azores was enriched with Hg, and the origin was
believed to be from open-pit mercury mines in Al-
geria. We recognize that these metals must have
been transported via the atmosphere, and we con-
firmed it with the analysis of the pure limestone,
typical of the Bahama Islands, listed in Table 1.
Many authors (e.g., Harrison and Anderson, 1919,
Ahmad and Jones, 1969) argued that these metals
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Table 1. Heavy metal results from Grand Bahama, San Salvador, and Andros Island Bahamas

o
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3}
Lucayan Caverns 0.63 | <1.00 [L262] 417 | 166 | 5.62 |<0.05] 53.6 | 81.1 | <1.00 [ <0.50 ] 4.89 | 955 |
San Salvador LS <1.00 | <1.00 | 0.83 | 013 | 053 |<1.00|<0.05| <5.00 | 0.33 | 096 | 034 [<1.00] <1.00 | 0.76
SS Dixon Hill (NE BACK) 1.55 | <1.00| 205 | 8.36 | <1.00 | 32.5 | 0.10 | <5.00 | 23.2 | <1.00 | <0.50 |<1.00 | 66.7 | 44.8
[SS Dixon Hill (No. 1)* <1.00| 031 | 9.01 | 120 | 189 [ 333 ] 034 | <5.00 | 2.87 | <1.00 | 0.75 [<1.00| 420 | 359
|SS Dixon Hill (No. 2)* <1.00| 0.16 | 147 | 145 | 19.7 | 222 | 0.60 | <5.00 | 3.04 | <1.00 | 0.44 |<1.00| 897 | 263
|SS Dixon Hill (No. 3)* <1.00 | 0.26 | 167 | 398 | 252 | 223 | 036 | <5.00 | 821 | <1.00 | 0.10 | <l.00 | 841 | 359
SS Dixon Hill (No. 4)* 0.13 | 033 | 414 | 281 | 106 | 101 | 0.18 | <500 | B.01 | <1.00 | 0.10 |<1.00| 222 | 125
S§ Water Catchment <0.01 | <0.01 | <0.05| <0.05 | 0.01 | <0.01 [<.0001| <0.05 | <0.05 | <0.01 | <.005 [<1.00] 0.006 | 0.05
SS Dixon Hill Dog Stool® 372 |
{55 Lighthouse Cave Sed. 0.19 | 0.38 | 493 | 5.05 | 514 | 5.73 | 0.12 | <5.00 | 825 | <1.00 | 0.23 |<.1.00| 187 | 337
SS East 0.10 | <1.00| 187 | 1.66 | 071 |<L00| 0.03 | <5.00 | 437 | <1.00 | <0.50 | <1.00 | 9.97 | 529
Rum Cay 0] 034 |<100| 477 | 2.54 | 333 | 117 | 0.09 | 158 | 8.02 | <1.00 | <0.50 [ <1.00 | 32.1 25
Black Hole 2 <100 | < <1.00 |<1.00 | 2.5 | 0.1 | 072 |<1.00|<0.05| <5.00 | 0.66 | <1.00 [<0.50 | <1.00| 1.68 | 2.46
Black Hole 1 (water) <0.10 | <0.01 | 0.01 | <001 | <0.01 | <0.05| <0.05 | <0.05 | <0.01 |<.0001] <0.05 | <0.05 | <0.01 | <.005 [ <0.01 | <0.05 [ <0.05
g Environmental Protection Agency Residential Soil Screening Levels (Direct Exposure)
California (Residential) 31 [0062] 5400 | 150 | 37 | 210 | 900 | 3,000 | 150 | 23 | 390 | 1,600 | 390 | 390 | 52 | 78 | 23,000
California (Industrial) 210 [ 0.25 | 67,000 | 1,000 | 450 | 450 | 1,000 | 41,000 | 800 | 310 | 5,100 | 20,000 | 5,100 | 5,100 | 67 | 1,000 | 100,000
Florida (Residential) 27 | 2 120 | 120 | 82 | 210 | 1,700 | 150 | 400 | 3 | 440 | 340 | 440 | 410 | 6 67 | 26,000
Florida (Industrial) 370 | 12 | 130,000 | 1,400 | 1,700 | 470 | 42,000 | 89,000 | 1,400 | 17 | 11,000 | 35,000 | 11,000 | 8,200 | 150 | 10,000 | 630,000

*SS Dixon hill - These samples were collected starting at the base of the lighthouse to the parking lot located next to the
lighthouse. Sample 1 is at the base, 2 is ~3 metres out, 3, 6 metres out and 4 is the parking lot, about 10 metres out from the

base of the lighthouse.

Bold results indicate exceedence of Florida Residential screening levels. Gray infill indicates exceedence of California resi-

dential screening levels

Florida soil screening levels: Technical report: Development of cleanup target levels for Chapter 62-777, F.A.C., Centre for
Environmental & Human Toxicology, University of Florida, Gainsville, Florida, February 2005

were the accumulation of the impurities of the host
rock; however, this is not likely because an unrea-
sonable amount of the host rock would have to be
dissolved for this to be so. In one case (Birkeland,
1999, p. 199-200) it was suggested that an entire is-
land would have to be dissolved to explain the ob-
served concentrations of metals in soils seen today.

Analysis of a rock sample from San Salva-
dor revealed that of the seventeen metals screened
for, only seven were detected, and they were in
quantities just above the minimum detectible lim-
its (Table 1). The heavy metals, along with bacte-
ria and organic and inorganic pollutants adsorbed
onto aeolian particles, transported by wind to dis-
tant landmasses is the only reasonable explana-
tion for their occurrence in the Bahamas. Other
researchers have emphasized the importance of
LRT dust to the genesis of soils on limestone is-
lands in the Caribbean and the western Atlantic

Oceans. Foos (1991), Carew and Mylroie (1991),
and Ersek et al. (2006) suggested an African dust
origin for the soil in the Bahamas, and Muhs et
al. (2007) suggest that the soils in the Bahamas
and other regions are derived from African dust
and/or Mississippi loess. However, the majority
of data concerning the Bahamas has been limit-
ed to Nassau, an islandafflicted with heavy pol-
lution and overpopulation, and two Cays within
the Exuma Islands (Muhs et al., 2007). This is
of importance because based on Table I, these
data suggest that the distribution of the foreign
dust may not be equal throughout the islands
of the Bahamas and on the islands themselves.

In this present study, we collected soil
samples from several islands in the Bahama Ar-
chipelago to determine what the distribution of
metals is both on the surface of the islands as well
as in the sediment that has accumulated in flooded
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caves in the Bahamas. Prevailing winds, surface
topography, and marine currents that transport the
dust into submerged caves are believed to play a
role in the varying concentrations of metals we
observe. Here we present a comparison of new
data from several islands in the Bahamas and data
from earlier studies in the Bahamas and from St.
Johns in the U.S. Virgin Islands.

METHODS

Surface samples were collected using a
metal spatula, to prevent contamination, to scrape
the soil sample into labelled Nalgene bottles or
clean sample bags. In the flooded caves, sediment
samples were collected using a 30.48 cm long
prospectus tube (Figure 2), with bungs placed on

Figure 2. Prospectus corers used to collect sedi-
ment containing Saharan dust in flooded caves.
During insedtion of the core the three-way stop-
cocks were in the open position to allow water
that came in as the core was inserted to escape.
Then the stopcock was closed prior to removal of
the core to generate suction.
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both ends to secure the sample. Water column
samples were collected using multiple fills of ster-
ile 30 ml syringes that were then dispensed into
500 ml Nalgene bottles containing 2 ml of HNO,.
Analysis of aqueous samples was done using the
EPA method 3010A, and the method 3050b was
used for acid digestion of sediments, sludge, and
soils. These methods can be found at http://www.
epa.gov/epawaste/hazard/testmethods/sw846/on-
line/3_series.htm
RESULTS

The samples, both on the surface and from
below sea level, are for the most part heavily
tainted with metals not native to the local carbon-
ate rocks. San Salvador limestone (LS) (Table 1,
line 2) results show only trace amounts of these
metals. Of the thirteen samples collected, minus
the dog stool, all but four samples contain As at
levels that exceed EPA Preliminary Remediation
Goals for soil in California at both residential and
industrial sites. Eight of the thirteen samples ex-
ceed Florida residential soil levels but only four of
the thirteen exceed Florida industrial levels. Lead
levels only exceed California residential soil lev-
els, whereas the lead levels fall below minimum
acceptable amounts according to Florida residen-
tial and industrial standards. Total Cr and V are
the only other two metals that are high when com-
pared to California and Florida residential limits.

The very high Hg levels within the dog
stool are not comparable to the soil samples from
the same area. The dog stool represents what
might be considered bioaccumulation; however,
because of the low levels of Hg detected within
the soils, it is most likely inhalation of Hg vapor is
responsible for the high Hg content in the stool.

DISCUSSION

LRT of Saharan dust, and potentially vol-
canic dust from the Caribbean, is the most like-
ly source of non-carbonate material of the soils
found throughout the Bahamas. Based on the
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Figure 3. Map of Grand Bahama Island.
Caverns and “M" is for Mermaid’s Lair.

north is at the top of the page.

analytical results of the relatively pure local lime-
stone sample (Table 1), the trace amounts of met-
als that were detected are most likely metals that
had filtered into the pores of the local rock and are
not actually a part of the fabric of the limestone.
Regardless, the trace amounts of metals found
within the local limestone could not account for
the large concentrations of metals that we have
detected in the soils and cave sediment samples.
The amount of red dust varies among locales on
the islands where collection was done. The red
soil is commonly just 1 -2 cm thick, often in small
pockets between the rocks or under vegetation.
Dry caves also commonly contain moist or dry red
dusty soil.

The red clayey sediment found within
flooded caves on Grand Bahama, specifically Lu-

Figure 4. Red clay deposits on the floor of a pas-
sage in Lucayan Caverns, Grand Bahama Island.
The clay deposit on the floor is about 1 meter thick.

“L” indicates the location of Lucayan
One inch equal 10 miles. Geographic

cayan Caverns and Mermaid’s Lair/Owl’s Hole
(Figure 3), are the largest known accumulations of
red clayey material found to date in the Bahamas
(Figure 4). In some areas, the clay is over a meter
thick. The question as to why there is so much of
this iron-oxide on the cave floor may be because
the caves represent long-term repositories for dust
that filters down from the island surface as well as
introduced via input from the ocean due to tidal
flow into the caves. These quiescent water envi-
ronments become the perfect setting for the de-
position of very fine dust particles. XRD analyses
of the sediment samples collected in the flooded
caves mentioned above identify the red clay as
lepidocrocite, an orthorhombic, biaxial crystalline
iron oxyhydroxide. The analytical results using
the EPA method 3010A and the method 3050b for
acid digestion on the same samples, brought to our
attention the strikingly high levels of As, Crand V.

Naturally occurring As is commonly found
in volcanic glass and volcanic rocks of silicic-
rhyolitic or intermediate composition. The As is
adsorbed to and coprecipitated with metal oxides,
especially iron-oxides, and to sulphide miner-
als and organic compounds (Welch et al., 1988).
Arsenic is present in more than 200 minerals, the
most common of which is arsenopyrite, iron arse-
nic sulphide (FeAsS). Arsenic can be introduced
into the groundwater either through natural or an-
thropogenic sources. Because industrial activity
tends to be localized in the Bahamas, specifically
on the west end of Grand Bahama, it would be dif-
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ficult to explain regional patterns of distribution
of As occurrence from industrial activity alone. It
is our interpretation that the As arrives adsorbed to
the iron-oxide dust coming in from North Africa.

Arsenic is a redox-sensitive element (Hin-
kle and Polette, 1999). As aresult, As can be found
in various states in the environment (Masscheleyn
et al,, 1991). In water environments, arsenate,
(H,AsO, - ) or (HAsO, %), [As V] is present as
negatively charged oxyanions. It adsorbs strongly
to iron-oxide surfaces in acidic and near neutral
pH water (Dzombak and Morel, 1990; Waychu-
nas et al., 1993). Arsenite (H,As0,0), [As III],
an uncharged species (Hem, 1985) is predominant
when the environment is reducing. Adsorption
and desorption reactions between arsenate and
iron-oxide surfaces are particularly important in
controlling mobility of the As because iron oxides
are wide-spread in hydrogeological environments.
Because the iron-oxide deposits are settled well
within the marine water environment in these
caves, the arsenic and should not pose a problem
to the fresh groundwater supply perched atop the
underlying marine water.

Any potential of As making its way into
the fresh water supply would have to come from
above with meteoric input. However, if the As
associated with the iron-oxide deposit is mobile,
diffusion upward into the fresh water supply could
pose a problem.

Based on the geochemical environmental
conditions required for adsorption and desorption,
conditions that could dictate whether a compound
is mobile or not, measurements of these param-
eters where the clay was collected suggests that
the environment at the top layers of the iron mud
accumulation is microaerophilic and slightly acid-
ic (Schwabe, 1999). The water column pH at the
surface of the iron deposit is 6.94 and dissolved
oxygen is 2 mg/l. The pH value favors adsorp-
tion of arsenate to the iron-oxide, however deeper
into the deposit, the conditions may be otherwise.
There, arsenite may be the favored species. Ar-
senite, according to the USEPA is 50 times more
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toxic to biological life then arsenate.

The two other metalloids that are repre-
sented in significant amounts associated with the
iron-oxide are molybdenum and vanadium. Ar-
senic adsorption can be affected by the presence
of other competing ions of which Mo and V are
two of several known such species (Higston et al.,
1971; Livesey et al., 1981; Manning and Gold-
berg, 1996). The reason for this competition is
that such compounds have similar geochemical
behavior and as such, compete for sorption sites.
Phosphate is also such a compound (Robertson,
1989), but phosphate has never been detected
within the water column of these caves; most like-
ly because organisms use it up quickly. So the
possible explanation for the high As and V may be
an adsorption issue and not necessarily an issue of
volume of dust. On average, As levels of sands
collected in the Sahara is 17 mg/kg (Holmes and
Miller, 2002; 2004). It is likely that as the dust
travels from North Africa to its resting place with-
in cave environments in the Bahamas, its passes
through a variety of geochemical environments
which would result in As adsorption in low pH
environments and desorption in alkaline environ-
ments (i.e., the open oceans) multiple times before
settling out within the cave environment itself.
These environmental opportunities would cer-
tainly allow for As to become more concentrated
in certain deposits, depending on speciation, and
competition for sorption sites. It is also important
that the surface area of the iron-oxide be exten-
sive, so non-crystalline oxides are favored (Hinkle
and Polette, 1999). In addition, it appears that Cr
(Table 1) may be another one of those elements
competing for sorption sites on iron-oxides (if we
are to follow the argument that high concentration
of other metals in association with iron-oxides de-
posits are competing and claiming sorption sites).

Recent research on the source of As within
Floridian waters has promoted the idea that iron
oxide in the subsurface would not be a likely oc-
currence and that the source of the As in Floridian
waters is the result of the oxidation of pyrite (Price
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and Pichler, 2002). Florida’s subsurface is riddled
with extensive cave systems, similar to the Baha-
mas. As we have documented, large amounts of
dust from North Africa and the Sahel makes its
way into the subsurface, especially in flooded
caves, and can impact the concentrations of As in
the water. It is likely that any accumulation of
fine dust, finer than the black, particulate organic
material (POM) from decaying leaves found on
the floors in the front parts of the caves in Florida,
such as the finer Saharan dust, would more likely
be observed deeper into the caves systems where
water flow decreases in some places exponential-
ly providing a quiet enough environment for ultra
fine dust to accumulate.

The lead levels in surficial soil appear to
be similar to that in both dry caves and flooded
caves in the Bahamas (Table 1) and St. John
U.S.V.I. (Table 2). The only area that appears to
be more contaminated with Pb, is the top of Dixon
Hill, which stands 50.3 m high on the Island of
San Salvador.

Saharan dust, according to a chemical
characterization (Guiev et al., 2002) contains 24
+ 9 mg/kg Pb. This is significantly less than the
amounts measured from soil samples collected
from the top of Dixon Hill on San Salvador. Lead
will be retained in the upper 2-5 cm of soil, espe-
cially soils with at least 5% organic matter or a pH

5 or above (Guiev et al., 2002). It is effectively
removed from the water column into the sediment
by adsorption to organic matter and clay minerals,
precipitation as insoluble salt, and reaction with
hydrous iron and manganese oxide; however, un-
der most circumstances, adsorption predominates
(McKenzie, 1980). Although soils are immature
and sparse throughout the Bahamas, the small
amount of soil that was analyzed on San Salvador
was determined to contain 2.5 to 17.8% organics
(Reed, M., unpublished senior project). There
may be enough organic material on the surfaces of
the islands to allow Pb to adsorb to the available
soils, and may potentially account for the measur-
able amounts that we find today on the surface
of the islands. In aqueous environments, typical
of the Bahamas, the water contains carbonates,
which generate a protective film around the Pb a-
nd renders it immobile (Guiev, et al., 2002).
Mckenzie (1980) was able to show that
microorganisms in lake sediment are able to di-
rectly methylate certain inorganic lead com-
pounds. Under appropriate conditions, dissolu-
tion due to anaerobic microbial action may be
significant in subsurface environments. The mean
percentage removal of lead during the activated
sludge process was 82% and was due to the re-
moval of the insoluble fraction by adsorption onto
the sludge floc and to a much lesser extent, precip-

Table 2. Analytical Results for St. John’s Island, U. S. V. I. Samples. Kolupski, M., (2009) Unpublished
Masters Thesis, University of San Diego, CA. CB stands for Coral Bay
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Table 3. Selected trace metal concentrations for samples collected at various sites from Africa to the
western Atlantic cisterns (modified from Holmes and Miller, 2004)

Cum Mnmg/kg  |Nimo/kg _ [Pbmaskg  |Znmo/kg  |AI % Asmofkg _ |Crmojka _ |Fe 0
African Dust 17.07 204 9.45 313 49.78 1.672 17.45 1395 113
Virgin Island distern 205.4 413 41.7 221 18020 2.616 38,08 89.05 3.734]
Nassau cistem 214.9 172 54.7 2810 6943 2.437 10.16 $0.57 2.454]
Average crust 39 770 S5 17 67 8.23 16 69 5.6

itation. In the submerged caves of the Bahamas,
there is a tremendous amount of bacterial biofilm
[100% protein according to an amino acid analy-
sis] (Schwabe, 1999), so it is likely that the reason
that we don’t see much Pb in the submerged caves
is that the Pb is attached to the bacterial biofilm,
which has not yet been tested for metals. Lead
levels along the sides of Dixon Hill, in Lighthouse
Cave, and other parts of the Bahamas are unre-
markable, as are the Pb results for St. Johns U.
S.V.I. (Table 2). It is possible that in the Nassau
and Virgin Island cisterns (Table 3), which also
contain much Pb, that it has adsorbed to the bacte-
rial biofilm.

The explanation given by Holmes and
Miller (2004) for the high Pb and Zn in the Nas-
sau cistern sample is erosional accumulation of
weathered paint. However, past use leaded gaso-
line, which contained 0.5 — 0.8 g/ lead, discarded
batteries, household and industrial waste burn-
ing (including paper products, discarded rubber,
and painted woods) represent additional sources
(Nriagu, J. O., 1996).

In 1978, the U. S. Federal Government is-
sued a ban on the use of lead in household paints.
However, it is still possible to purchase outdoor
paints with lead (600 mg/l), although these par-
ticular paints are being slowly phased out. Coun-
tries that are still producing significant amounts of
paints with lead are India, Malaysia, and Singa-
pore. The Bureau of Indian Standards has slated
1 g/l as the benchmark for acceptable levels of
lead in paints, which is not only voluntary but also
optional as a part of Ecomark labeling (Kumar, A
and Gottesfeld, P., 2008). Therefore, a manufac-
turer is not bound by law to provide safe house-
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hold paints, even if they pose serious health risks.

It is possible that the elevated Pb levels on
Dixon Hill come from the painting of the light-
house last summer (2007), however, there were
no observable paint chips on the ground. A paint
sample will be tested in the future. Other sources
of Pb are short term or long term activities on oth-
er continents that may influence the composition
of the dust coming from Africa. Around 1967, Al-
geria was at its peak in mining of Pb and Zn. The
Qued Amizour Project in northern Algeria was
producing about 40,000 tons of material per year
that was reduced to 31,000 tons per year (Barra-
das, S., 2007). It is possible that the Pb and Zn
in the Nassau cistern came via African dust con-
taminated by this mining operation and not from
paint, because paints generally do not have large
amounts of zinc.

SUMMARY

It is clear that the source of metals found
throughout the Bahamas both on the surface and
in the caves is from North Africa; however, we
have shown that the concentration of the metals
that are adsorbed onto the dust particles found in
Bahamian samples may have a more vagrant his-
tory as a result of the different geochemical en-
vironments that the dust may have been exposed
to during its travels, as well as in its current rest-
ing places. Many of these metals that arrive with
the dust, including the iron-oxide dust itself is
extremely important in supporting local vegeta-
tion and other life, especially microbial life. It
has been determined that without the estimated 50
million tons of dust arriving out of Chad, South
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Africa, the Amazon Forest would not be able to
flourish (Koren et al., 2006). Considering the pu-
rity of the local limestone, life on the island could
be very different if there was no input of airborne
dust. More work needs to be done to identify the
speciation of these metals to confirm whether they
pose any environmental concerns. Through addi-
tional research, we can establish a database that
informs us about whether high levels of certain
metals are locally of toxic concern or not.
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