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Sulfur was on my mind in the 1% Wetland Biogeochemical
Symposium — Baton Rouge

Fig. 1. Vertical profiles of porc water sulfur sulfate, sulfide, and ™S in experimental WETLANDS, Vol. 21, No. 4, December 2001, pp. 629-638
impoundments at the Delta Marsh Ecology Research Complex. Metaphylon-dominated 2. 2001, The: Socsety; of Wetland Scigntitts

site A (m) was 50 cm deep and was sampled in July and September. Site B, located in a
cattail stand with 10 cm of overlying water, was sampled only in September (+). The

8S of overlying water sulfate is indicated by an arrow. NITROGEN, PHOSPHORUS, AND SULFUR DYNAMICS IN A LOW SALINITY

MARSH SYSTEM DOMINATED BY SPARTINA ALTERNIFLORA
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Figure 4. Porewater ammonium, phosphate, and sulfide
concentrations at DBl and DB2 for all sampling months.
Plant roots were concentrated at 8-, 13-, and 18-cm depths
(solid symbols).
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l P The Trajectory of Iron Sulfide Oxidation and
Production in Marshes Created from Dredged

Sediments at Poplar Island: Implications for
Wetland Plant Establishment

By Jeffrey Cornwell, Lorie Staver, Safra Altman, Elizabeth Murray

PURPOSE: The following technical note (TN) provides a summary of the effects of iron
sulfide dynamics (e.g., oxidation and formation) on the establishment of plant communities in
wetlands created from fine-grained dredged sediments at Poplar Island, in Maryland’s mid
Chesapeake Bay. The challenges associated with handling sulfide-rich sediments are discussed
using examples from dredged channels and subsequent placement in a created wetland setting in
the upper Chesapeake Bay. This TN synthesizes information from multiple previous peer-reviewed
publications as well as unpublished studies all conducted by the Cornwell lab (University of
Maryland, Center for Environmental Science) on the trajectory of sulfur constituents in Poplar
Island created wetlands and discusses the implications for vegetation trajectories, building on the
knowledge base of sulfide mineral biogeochemistry in managed coastal wetland systems
(Berkowitz and VanZomeren 2022).
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Sediments settling nto upper Chesapeake Bay
navigation channels are generally fine-grained and
entramn algal-derived organic matter into them.

In channels, regeneration of nitrogen promotes
high concentrations of ammonium (Cornwell and
Owens 2011).

Hydrogen sulfide reacts with sediment iron to from
rron sulfide mierals, predominantly pyrite (FeS)
A key concern with beneficial use of upper
Chesapeake Bay dredged materials is pyrite
oxidation leading to low pH& that can inhibit plant
growth and release metals.
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44/68 million cu yds added
776 acres tidal wetlands

Last nflow in ~2029
Restoration complete ~2041
Cost ~ $1.4 billion or about %
of I yr of port economic
activity

| CELL3A

CELL5AB )™

s N

CELL 5C-D




Program Elements

* Characterization of channel deposits from a previous project:
ammonium, pyrite sulfur, ron and phosphorus

* Initial characterization of sohd phase (C, N, P, Fe, S) and
dissolved(N, P, Fe, S, sulfate, chloride) composition at time of
planting.

* Solds and pore water were characterized to determine
trajectories

* Biogeochemical rate processes mncluded nutrient exchange,
oxygen exchange/edaphic algal photosynthesis, and
denitrification
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* Placement does not occurin all consecutive years.
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Crust management
results m a relatively
dry, compacted soil
prior to marsh planting.
Drying oxidizes pyrite
resulting n low pH’s.
Ammonmum
concentrations are high
With tidal inundation,
pH’s m the soil surface
support growth of
marsh vegetation.
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Upon exposure to oxygen during drying and “crust
management”, low pH arises because of pyrite
oxidation :

4FeS, + 150, +8H,0 — 2Fe,0, + 8 H,SO,
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Anerobic conditions result in pyrite
formation

Bottom Lme: pyrite

oxidation/ pH was not a
major issue for marsh
SUCCESS

Edaphic algal production occurs at
the outset of wetland cell
development and FeS 1s evident
below the algae. This labile organic
matter inputis a “jump start” to soil
respiration and 1s reflected m almost
immediate near-surface sulfate
reduction and other anaerobic

processes such as denitrification

(Cornwell 2025 submitted)




With time, conversion of Fe oxides to
sulfides release Fe-bound morganic P
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* Placement does not occurin all consecutive years.




Why Such Rapid Development of Wetland

Soil Processes?




Lessons Beyond Poplar Island?
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* Without tidal exchange as n wetlands, soil pH can remain
low

* The soils at HMI were mostly dried when the system was
flooded with ramwater, bringing H,SO, from soil horizons

* The north cell had ~ 400 acres of water that was pH 3-4

* Despite the low pH, we observed SAV and Phragmuites,
benthic and water column algal production, and benthic
animals

* Water was removed from cell after running through creeks
with added CaCOj,



Biogeochemical Summary
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