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LONG-TERM GOALS

Our long-term goals are to determine the role that complexation and speciation play in
sediment/water exchange of metals in estuarine and coastal locations, arpbtitenioe of
metal-complexing ligands fluxing out of estuarpare waters to water column metal speciation
on local, regional, and global scales.

OBJECTIVES

Our scientific objectives are to determin@) the extent of complexation and the speciation of
selected trace metals in bottom waters and sedipwatvaters;

(2) concentrations and strengths d@dtal ligands in bottom waters and sedinaorte vaters; (3)

the magnitude and direction of the benthic flux of metals and their ligandgA4)ethe lifetime

of the metal ligands fluxing out @iore waters into overlying bottom waters and their degradation
and removal processes.

APPROACH

Our approach consists of both field and laboratory efforts. We have sampled the sediment
porevaters and water colunirom two estuarine sites in Chesapeake Bay, having contrasting
biogeochemical and physical chateristicsduring fall ‘96 and spring and fall ‘97. We have
also sampled the sediment poegears and water colunirom a site along the mid-Atlantic
shelf/slope break (WC7).

Sediments were collected using a stainless bteetorer, and subsampled using acid-cleaned
plexiglass core tubes, and clean shoulder-length polyethylene gloves. Albpersamples
were obtained from sediment corestgsonedunder N and centrifuged &t situ temperatures.
Porewater samples were filter@@45um); subsamples for total dissolveetats were acidified
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(pH 2); subsamples foretal complexation and speciation analyses were keptig cold and
dark until analysis. Water column samples were collected with either a peristaltic pumping
system through Teflon tubiregtached to a weighted plastic Hisane”, or with a 30-liter GO-
Flo bottle, filtered ( 0.22um), and acidified (pH 2).

To investigate the persistencepafrewater-derived Cu-complexing ligands, poeders were

added to filtered and unfiltered bottom water. Four experimental regimes were studied:
porevater added tq2) filtered and (2) unfiltered bottomater(3) exposed to light and (4) kept

dark. Each regime was composed of a test solypamewater added) and a control (no

porevater addd). All of these solutions were incated in acid-cleaned 2-L Teflon bottles,
positioned on a shaker table on a clean-air bench, and kept oxic. “Light” samples were exposed
to light for 12 hours/day from a tungsten/halogen Capsylite PAR 38 floodlight positioned 30 cm
away. All solutions were subsampled over a 30-day period for Cu speciation, total dissolved Cu,
DOC, DO, pH, and salinity.

Total dissolved Cu (TDCu) concentrations weegedmined by chailuminescence (8da and
Huntsman, 1991); total dissolved Zn (TDZn) concentrations wetexmhined by differential

pulse anodic stripping voltammetry (DPASV; Donat and Henry, in prep). Cu complexation and
speciation were determined by ASV (differential pulse or square wadalation) at a rating

thin mercury im/glassy cabon disk e¢ctrode (Coale and Bruland, 1988: Donat et al., 1994),
hanging mercury drop @ttrode (Donat et al., 1994) , and by ligand (8-hydroxyquinoline)
competition/adsorptiveathodic stripping voltammetry (van den Berg, 1986; Donat et al., 1994).
Pore water concentrations of dissolved organib@awere dtermined by high temperature
catalytic oxidationBurdige and Honiead, 1994), while poreater Fe, Mn, sulfide, nutrients,
and) CO, were determined by standard hets. Dissolved carbohyates inporewaters were
determined by sturic acid hydrolysis and a modified MBTH method (Pakulski and Benner,
1992).

WORK COMPLETED

In the previous fiscal years’ efforts, we hawtetmined TDCu concentratior@Gyu-complexing
ligand concentrations, and Cu complexation and speciation in the sedimenateossav sites
M, S, and WC7, and we havetdrmined the benthic flux of TDCu and Cu ligafrdsn sites M
and S. We also determined TDZn concentrations, Zn ligand concentrations, and Zn
complexation and speciation in the water column of Chesapeake Bayondieted these
studies 2-3 seasons per year.

During this past FY, we completed one comprehensive experimeniiptbie persistence of
porewater-derived Cu-complexing ligands in thater column, and are in tipeocess of
completing a second (Price, Donat and Burdige, 1997; in prep.). We have obtained
concentration/depth profiles for total dissolved zinc in sediment @tezgior our August ‘96
and June ‘97 cruises, andtdrminations of zinc complexation and speciatioparevaters are
in progress.

In order to understancekter the role of sedimeptocesses in the production oétal-



complexing ligands, we have performed studies of dissolved orgattierrm sediments. We
recently developed a conceptual mddelDOM cycling in marine sediments, based on DOC
size fractionation dat@Burdige and Gardner, 1997; Burdige et al., 1997), and raoshtly have
begun determinations of dissolvedlmahydiates in marine sedimepbrewaters (Gadner and
Burdige, 1998).

We’'ve presented our results at nationalktngs and have submitted or are preparing

manuscripts on: (1) the persistence of p@&rderived, Cu-complexing ligands (Price, Donat

and Burdige, 1997; 1998; in prep.); (2) the biogeochemistry of Cu and Cu-complexing ligands in
estuarine and continental shelf sediments (Skrabal, Donat, and Burdige, in prep); (3) the flux of
Cu ligands from estuarine sediments (Skrabal, Donat, and Burdige, 1997; in press); (4) Zn
complexation and speciation in the Chesapeake Bay water column (Donatragdi987; in

prep.); (5)DOM cycling in marine sedimen{Burdige and Gardner, sulitaid; Burdige et al.,

1997); and (6) éterminations of dissolved t@hydites in sedimergorevaters (Gedner and
Burdige, 1998).

RESULTS

The results of our poreaterCu-ligand persistence experiments indicated that Site M bottom
waters contained at least three class&suws€omplexing ligands. The concentration of the
strongest ligand class (L ": log K’ ~ 15) comprised 7% of the total Cu ligand pool, whereas the
weaker ligand classes (5L ": log K’ ~12 and ;'L ": log K’ ~8) comprised the remaining 93% of
the Cu ligand pool. @ater thar99% of total dissolved Cu (TDCu) in the bottoraters was
organically complexed, and 84% of TDCu was complexed;by L . The concentrations of these
three ligand classes were found to increase significantly when gaeswere added to the
bottom waters. The concentration of the L class increased ovesulse ©f this experiment.

This increase in the,L concentration, coupled with its extremely strong conditionktlystab
constant, resulted in its being the predominant Cu complex and in suppressing thé‘free Cu
concentrations to levels ranging between 3%°10 Mto 8% 10 M. These ffée Cu
concentrations are well below those reported to cause naupliar mortality to the cdymspbd,
tonsa

The magor result of this experiment was that all three Cu-conplexing ligand classes
persisted over a 30-dg period-- that is, not only do these lgands flux out of the sediment
porewaters into the overying water column (Skrabal, Donat, and Burdige, 1997, they are
not degraded in the water column on an apreciable time scale. These results peesent the
first direct evidence thatporewater-derived Cu-conplexing ligands may significantly
influence Cu geciation in the water column. In addition the persistence of these dlands
may allow them to escae the estuay where they might then influence Cu conplexation
and feciation in coastal(and perhaps gen oceaf waters.

Total dissolved zinc (TDZn) concentrations in the p@tss at sites M and S ranigem ~2 to

33 nM, are generally similar to bottonater concentrations, and generally decrease with depth
in the sediment column. Preliminary levels of total zinc complexing ligandg (TL ) umpiter
layers of the sediment column (0-3cm) range from 75 to 200 nM, are appteliix greater at
site M compared to site S, and are as much as 15-2akegrthan Tk, in the water column



(Donat and Henry, in prep.).

Dissolved carbohya@te (dCHO) concentrations in the sediment paaears at three sites in
Chesapeake Bay and continental shelf/slope sites ranged from ~40 to 500 uM (C equivalents).
The dCHO percentage of porater DOC varied greatk7-54%) among the sites-- %dCHO was
highest offshore and lowest in the organic-rich, anoxic sediments of mid-Chesapeake Bay. DOC
and dCHO concentrations generally increased with patevdepth. dCHO concentrations

varied inversely with both sediment-C oxidation rates and with relative concentrations of low
molecular weight (LMW:<3 kDa) DOC, suggesting that high molecular weight (HMW) fractions

of porewater DOC may hdor a larger %dCHO than LMWsdtctions. These differences in the
composition of poreater DOC at the different sites may be driven partly by differences in C
oxidation rates, or they may be a factor cdhtgthese ates.

IMPACT

The speciation of metals in sedim@otrewaters governs both the fate of metalg contrdling

the extent and speed of their cycling between sediments and the watan)calnditheir etcts

on biota (by influencing bmccumulation and toxigi). Our results indiate thapore vaters

contain very strong Cu ligands in very high concentrations, which should markedly influence the
sediment/water exchange ©fi. These very strong ligands are fluxing out of the sediment
porewaters into the overlying water column, amd recent results suggest that these ligands
persist in bottom watefsr significant ¢ 30 days) time periods. The persistence of these ligands
may allow them t@scape the estuary where they might then influence Cu complexation and
speciation in coastal (and perhaps open ocean) waters

RELATED PROJECTS

Our results compliment other ONJRojects on organic diagenesis and metal cycling in sediments
(Berelson, Johnson and Coalektal speciation in sediment solid phases (Morgeysico-

chemical speciation of bioactive metals in the water col(Bnaland), and ratalphytoplankton
interactions (Mffett and Brad, Sunda). We hawtive colldborations with Morse and

Berelson, and we have partialied in a opper-speciation methods intercomparison with Bruland
and Moffett(Bruland et al., in prep.).

Work this FY has been closellli@d to anprojectfunded through ONR’s Coastal Benthic
Optical Properties Program (ONR award No.: N000149710005: “Colored Dissolved Organic
Matter in Sediments and Seagrass Beds and Its Impact on Shallow Water Benthic Optical
Properties, D.J. Burdige, PI), andexently-completed NSproject (OCE9302120: “Fluxes of
Dissolved Organic Mattdrom Marine Sediment”, D.J. Burdige, PI).
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