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pH-dependent dissolved iron speciation of dust collected in dust source region
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Abstract: Background, aim, and scope About 30% of the world oceans like the Equatorial Pacific
and the Southern Oceans are comprised of high-nutrient low-chlorophyll (HNLC) regions where
phytoplankton growth is limited by bioavailable iron(Fe) supply. It is believed that increased
bioavailable Fe supply to these regions will stimulate phytoplankton growth, leading to enhanced
atmospheric CO, sequestration and nitrogen fixation by the ocean, which can have profound impacts
on climate. Mineral dust originated from the world semi-arid and arid regions is the dominant source of
Fe to the remote oceans. Direct field measurements reported Fe solubility of mineral dust ranging from
less than 0.1% to as much as 80% with higher solubility values generally observed over remote parts of
the oceans, implying that atmospheric processing can increase the Fe solubility during dust transport.
To understand how atmospheric process will influence Fe dissolution behavior of mineral dust, Fe
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solubility and dissolved Fe speciation of mineral dust in typical atmospheric solutions were investigated.
Materials and methods In April 2015, four dust Total Suspended Particle (TSP) samples were collected
at the Tengger Desert, a well-known Asian dust source region. A quarter of the dust filter sample was
extracted with ammonium acetate (pH 4.7) and sulfuric acid (pH 2) to simulate Fe dissolution in the
rainwater and acidic aerosol water, respectively. Dissolved Fe and Fe’' in the extraction solution were
measured colorimetrically using the Ferrozine method. Total Fe on the filter was determined with X-Ray
Fluorescence. Results Fe solubility was 4.17% (2.30% —5.74%) in the ammonium acetate and 6.13%
(4.72%—7.27%) in the sulfuric acid. Large difference in soluble iron speciation was observed in the
two solutions. In the ammonium acetate, Fe’* was the dominant species accounting for 76.7% —98.3%
of the total dissolved iron and Fe’ only constituted a minor part (1.73%—23.3%). In the sulfuric
acid, Fe*" was significantly mobilized and accounted for a much higher fraction of total dissolved
iron (17.3%—50.0%) than that in the ammonium acetate. Discussion The results show that both Fe
solubility and dissolved Fe speciation were strongly dependent on the pH of the extraction solution.
Since mineral dissolution in the acidic solution is a proton-promoted process, it is reasonable that Fe
solubility was significantly enhanced when the solution become more acidic. However, there exists
many factors that may lead to a difference in dissolved Fe speciation in the two extraction solutions.
These factors include (1) redox reaction between dissolved Fe and the extractant, (2) Photo-reduction
of dissolved Fe, (3) Selective dissolution of Fe-bearing mineral in different extraction solution. On
one hand, no redox reaction between dissolved Fe and ammonium acetate or between dissolved Fe
and sulfuric acid is expected to occur in the extraction solution. On the other hand, all of the extraction
experiments were conducted under dark condition. The only possible reason for the difference in
dissolved Fe speciation in the two solutions lies in the selective dissolution of Fe-bearing minerals.
Asian dust has a very high content of carbonate minerals and some Fe was trapped in the crystal lattice
these carbonate minerals in the form of Fe*". Moreover, dissolution rate of carbonate minerals is much
more sensitive to pH than other Fe-bearing minerals. We proposed the large difference in soluble iron
speciation was caused by fast dissolution of Fe’'-bearing minerals like carbonate when the pH of the
extraction was lowered. Conclusions We found that both that Fe solubility and dissolved Fe speciation
of mineral dust were strongly pH-dependent. Lowered pH of atmospheric solution not only leads to
enhanced Fe solubility but also results in significant change in dissolved Fe speciation. This large
change in the dissolved Fe speciation was possibly caused by fast dissolution of Fe*"-bearing minerals
like carbonate under more acidic solution. When dust is transported in the atmosphere, the atmospheric
solution around dust particle may become extremely acidic, leading to mobilization of Fe*'-bearing
minerals as well as change in the dissolved Fe speciation. A lack of awareness of this pH-initiated
change in dissolved Fe speciation may hamper an accurate understanding of factors that control dust iron
solubility. Recommendations and perspectives This study reveals a new mechanism that may lead to a
change in dissolved Fe speciation of mineral dust when dust is subject to atmospheric processing. This
pH-initiated change in dissolved Fe speciation should not be ignored when we explain the factors that
control dust iron solubility.
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Tab.l Sampling information and meteorology
SKAE ] I KL ZH
Sampling time *ﬂ*\l.?%( Meteorology
AR (A -m?) -
Dust storm H ] / i) . ] Coarse particle A EN@F{ R ) Mt
Date/Period 1K Duration /(Counts'm”) Re.la.tlve Wind direction Wind Sgeed
humidity /% /(m's)
a2 2015-04-30 06:30 — ]
5h 8x1 2 NN .
Dust-2 2015-04-30 14:00 73 38410 3 w 6.7
w3 2015-04-30 14:30 — S
25h 4x1 2 1
Dust-3 2015-04-30 17:00 > 74410 > NWw 9
wb 2015-04-22 07:30 — S
24h 1x1 1 2.
Local dust  2015-04-23 07:30 9.1x10 3 S 5
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Tab.2 Fe solubility (Unit: %) in the two extraction solutions

oy pH 4.7 BEPR W pH 2 B AR
i pH 4.7 Sodium acetate pH 2 Sulfuric acid
Dust storm
Fell/FeT  Felll/FeT FeS/ FeT Fell/FeT  Felll/FeT FeS/FeT
b2 -1 Dust-1 0.32 3.07 341 2.27 243 4.71
4> -2 Dust-2 0.04 2.27 2.30 0.99 4.72 5.71
b4 -3 Dust-3 0.55 4.68 5.22 1.86 4.98 6.33
7> Local dust 1.34 4.40 5.74 3.64 3.64 7.27
SEHME Mean 0.56+0.56 3.60+1.13 4.17£1.60 2.19+1.00 3.94+1.16 6.13£1.15
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Fig.1 Fe’/Fe™ in the two extraction solutions
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