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Dear Ms Hansel,

Enclosed are tea copies of a proposal in response to the CALFED Catogro~y
RFE The proposal title is: The Status of Mercmy as a Stressor to Habitats and Species of
the San Francisco Bay-Delta Ecosystem. The project is a three year assessment of mercury
concentrations, cycling, and bioaccumulation in representative habitats and biota of the
San Francisco Bay-Delta system. Our goal is to provide CALFED with the scientific
information needed to implement cost effective and scientifically sound Hg remediation
actions, and to provide the baseline measurements needed to assess the effectiveness of
any remediation strategies that are employed in the future.

In anticipation of a number of related mercury proposals being submitted during
this funding round, we have coordinated with the research group from UC Davis (T.
Suchanek et al) to propose a forum for all funded mercury projects to be integrated This
integration will include twice yearly meetings of all mercury groups to share data and
ideas, ~3 maximize collaborations, end minimize duplication of effort. Please instruct
reviewers that this current proposal should be considered in conjunction with this larger
integration efforl. The title of the integration proposal is: Integration of Mercury Studies
and Results on the San Francisco Bay-Delta System, Apphcants: T.H. Suchanek, D.G.
Slotton, and B.S Johnson

On behalf of my colleagues, we thank the CALFED agencies for their consideration of this
proposal.
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Mark Marvin-DiPasquale
USGS, Menlo Park, CA

Phon~:: (415) 329-4442 Fax: (415) 329-4463 ~anail: mmarvin@usgs.gov
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The Status of Mercury as a Stressor to Habitats and Species
of the San Francisco Bay-Delta Ecosystem

Primary Applicant: Mark C. Marvin-DiPasquale

Project Description
Sediments and biota oftbe San Francisco Bay (SFB) and Delta are contaminated with mercury

(Fig) as a result of 150 years of Hg mining in the surrounding coastal mountains and from particulate
inputs resulting from hydraulic gold and silver mining conducted in the mid- to late-1800’s. The presence
of rig, and particularly methyl-Hg 0V!eHg) which is the form most readily accumulated in aquatic food
webs, poses a heath risk to humans who consume Hg-cantaminated fish. The effectiveness of plans to
restore sport and commercial fisheries may be limited without a dearer understanding of the sources,
reactivity and distdbution~ of rig in the SFB-Delta ecosystem. We propose a detailed assessment of the
extent of rig contamination in the water, sediment, and biota of the SFB-Delta. in order to provide the
information required to formulate cost effective Hg remediation strategies. We will evaluate the
environmental factors controlling Hg reactivity, transport, MeHg produetinn and degradation, and
bioaccumulation in the food-web. Additionally, we will assess the impact of two other proposed
restoration actions- selenium (Se) remediation and habitat restoratinn via flooding - as they affect Hg
reactivity and bioaccumulation. Either of these actions could exacerbate Hg contamination in the SFB-
Delta Our objective is to provide the CALFED agencies with the necessary scientific information needed
to prioritize Hg as a stressor; assess p~tential management strategies aimed at Hg remediation; assess the
ramifications of potentially competing bay restoration actions; and to provide a baseline measure of rig
contamination against which the effectiveness of future remediafon actions may be evaluated.

Approach/Tas "ks/Schedule
We will use an integrated ecosystem approach that considers the biological, geological, physical,

and ehemieaI processes of the SFB-DeI~a as they affect Hg reactivity, transformations and
bioaccumulation. The tt~ree year field sampling comlmnent will focus on nine sites within the tidal estuary
whi¢h represent distinctIy different habitat types within the system Water, sediment, and a detailed cross
section of the estuarina food-web will be sampled for Hg species (i.e. Hg*z, MeHg, Hg°) and
concentration. Rates of microbial production and decomposition of MeHg will be measured to determine
which estuadne regions are net sources or sink~ of reactive Hg and which environmental variables control
microbial Hg dynamics. The pathways and extent of Hg contamination within the estuadne food-web will
be defined by analyzing a wide spectrum of estuarine species for Hg/MeHg content. We will focus on the
pathways that bioaccumulate Hg in the priority fish species as designated by CALFED. Results will be
related to trophic stares and feeding mode. The bioavailability and reactivity of rig will be compared
among SFB-Delta habitats. Suspended particulate Hg concentratiens from riverine sources will be
compared to sediment dissolved Hg efflux to assess which process dominates the input of reactive Hg
along the estuarine salinity gradient (i.e. new input or the recycling of previously deposited Hg). Sediment
origin (i,e, coastal Hg mines versus Sierra Nevada hydraulic mine sources) will be determined by distinct
geochemical "signature" analysis. We will assess whether areas receiving hydraulic mine inputs have a
greater propensity to generate bioavailable MeHg. Mesocosm experiments will be conducted with
sediment and soil from areas that are candidates for habitat restoration via flooding to assess the potential
for Hg remobilization and bioaccumulation in these regions. Selenium con~en/will be measured in biota to
determine ifSe suppresses Hg accumulation in the SFB-Delm food-web, as noted in other ecosystems.
Laberatory measurements of rig uptake in phytoplankton and invegebmtes under a range of Se
concentrations will determine the critical levels of S e required for this suppression Predictive medels of
Hg bioaccumulation in key organisms at the base of the feod web will be constructed based on field and
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l~boratory resahs. These models will then be used to forecast changes in Hg aeoumulatien throughout the
food web that may result 5am various remediation strategies. Annual reports of results and conclusions
will be submitted at the end of years 1 and 2, and a final report with specific recommendations regarding
Hg remediation will be submitted at the end of year 3.

Justification for Funding
Little is known about the factors that control Hg reactivity, transport and bioaccumulation in

estuaries. The limited data indicate that a wide range of species from the SFB-Delta and its associated
watershed contain Hg body burdens that approach or exceed concentrations that pose a public health risk.
However, because of very limited systematic sampling, neither the extent of Hg contamination throughout
the SFB food-web nor the sources of Hg are adequately known. The factors responsible for Hg input,
cycling and bioaceumulation should be identi fled prior to the implementation of management strategies
directed at Hg remediation if we are to avoid limited effectiveness of remediation efforts, unnecessary or
excessive financial expenditure, or possibly a worsening of rig contamination within key habitats and biota
due to conflicting effects o father restoration actions (e.g. habitat restoration via flooding or selenium
remediation).

Budget Costs
This multi-year comprehensive ecosystem assessment will require the combined effort 14 primary

investigators and their associated staff. All of the major instrumentation, resources, and logistical support
for the proposed project are currently in place. Costs will be shared among the USGS, CA Dept. offish
and Game, and CALFED. The total project cost will be $5,339,009. The portion of funding requested
from CALFED is $3,782,000 (71% of the total).

Applicant Qualifications
This ecosystem-wide assessment requires a collaboration of scientists having expertise across a

diversity of disciplines. This broad expertise is divided among the team of USGS investigators who
collectively have a long history involving both mercury and San Francisco Bay research. The USGS is
uniquely qualified to conduct such a comprehensive integrated assessment of rig dynamics in the SFB
estuary due to its historical havolvement in this system and its extensive scienti fie resources

Coordination with other Programs /Compatibility with CALFED objectives
In addition to Hg remediation, this proposal integrates many CALFED objectives including: Se

remediatinn, habitat resteration, and species o f concern. The project will be coordinated with a number of
ongoing USGS initiatives, the CA Dept. of Fish and Game sampling survey, and several complementary
CALFED proposals submitted this funding round. These proposals include: a) The Role of Upstream Hg
Loading and Speciation on Localized Downstream Bioaecumulation (Suehanek et al., UC Davis); b) The
Effects of Wetland Restoration on the Production of MeHg in the SFB-Delta System (Suchanek et al.,
UC Davis); c) Selenium Cycling and Remediation in the SFB-Delta (Luoma et al., USGS). In addition to
the Complimentary Hg proposals cited above, a number of other Hg projects are being proposed this
round. To minimize duplication of effort and maximize effective collaborations in this important area of
SFB-Delta research, we will jein together with all funded Hg projects during a series of meetings to be
held twice yearly to share current data and ideas. To this end a separate proposal has been submitted this
round that details this commitment. This propesal in entitled: Integration of rig Studies and Results on the
SFB-Delta system (Suchanek et al, UC Davis).
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111. Project Description

A. Project Description and Approach

The project consists of a three year field sampling component and supplementary controlled
laboratory experiment~ designed to provide a detailed assessment of Hg cycling and bioaccumulation
dynamics in the San Francisco Bay (SFB) estuary. The goal is to explain where, why and in what biota I-Ig
contamination is greatest. The field component will assess the extent of rig contamination across the wide
range of habitats and hydrologic/blological conditions that occur in the complex gBF-Delta ecosystem.
The sampling design is based on the presumption that rates of MeHg production and incorporation into
the food-web are highly variable in time a~d space, and that most of this variability results from variations
in: (1) the pool size of reactive Hg available for methylation; (2) chemical properties that limit microbial
transformations; (3) the availability and origin (composition) of organic matter to fuel microbial
transformations; and (4) habitat types that support different food-web stractures. Our main objectives are
to determine: (1) the extent of rig contamination within important representative regions of the estuary
and for a detailed cross section of the food-web. (2) the major processes which control Hg cycling, food-
web incorporation, and trophie transfer within these regions. (3) the importance of Hg source with respect
to reactivity and bioavailability. (4) the potential for binavailable Hg remobilization which may ~sult from
wetlands reclamation (5) if existing levels of Se mitigate Hg binaccumulation within the food-web. Below
we outline the specific approaches that will be taken to address the objectives:

1. What is the extent of tlg contamination in the Bay-Delta ecosystem?
The concentrations of major Hg species (i.e. Hg÷~, MeHg, and Hg°) will be measured in sediment

and water column samples at nine sites (Fig l) which represent distinct habitat types, from tidal
freshwater to coastal marine, in order that we may discern the dominant spatial patterns of rig
concentration and speciation for a range estuarioe habitats. Table 1 describes the sampling sites and
identifies two or three conditions (extremes in river flow and/or algal production) under which samples
will be taken. By sampling each site and condition at least twice, functional relationships in Hg species
concentration, microbial transformations and trophic transfer can be described with the data set measured
under at least 46 different enviromnental conditions.

Total Hg and MeHg will also be measured in biota representing a range o f trophic leveIs and
feeding modes within the estuarine benthic/pelagic food-web. Table 2 lists the invertebrate organisms and
feeding modes that will be targeted for collection at each site. Fish collection will be conducted by the
Cali fortha Department of Fish and Game as part of their routine sampling (see attached Letter of
Commitment). The fish sampling design will address whether Hg contamination in fish 1) varies in time
and space, 2) varies among life stages, 3) varies among fish trophic levels and feeding modes, 4) is
affected by Se concentrations in fish (see below). Selected fish species (L~ngfin smelt, Staghom sculpin,
and Striped bass), representing distinct trophin levels and feeding modes (planlctivores, benthic feeders,
and piscivores, respectively), will be sampled intensively in five estuarine regions (Table 3). We will
detemaine the pathways that accumulate Hg in species of concern (e.g. Delta smelt, sturgeon, Chinook
salmon,) by focusing temporaI/spatial studies on these more abundant surrogate species whJ.ch occupy
similar trophic positions. Additional species (including threatened species) will be sampled less frequently
to supplement the estuarine food web assessment and "~o determine if the degree of rig accumulation is
comparable among fish from similar trophic levels A range of sizes (age) classes of the surrogate species
will be collected to assess cumulative Hg contamination among trophic levels. Threatened or endangered
fish species (e.g. sturgeon and salmon) will be sampled live with the use of tissue "plugs" (Waddell &
May 1995) which allow for the safe return ~fthe fish to the environment after sampling.

Biota trophic position will be assessed by stable isotope and gut content anaIysis. The stable
isotope approach has been successfully used in other estuaries (Hesslein et al. 1991, Pcterson & Fry 1987)
to describe food-web structure, and is based on the well-established observation that the isotopic
signatures of C, N, and S are a strong indicator of the isotopic composition of an organism’s food source,
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from herbivorous inve~:ebrates to top predators. A limited application of this approach has been
previously used in San Francisco Bay (Canuel et al. 1995). However, a systematic application of this
technique has not been undertaken to define the trophic linkages that exist in the diflbrent esnaazine
habitats We propose here such a systematic application az a step towards defining the pathways by which
Hg is moved from food to consumers in the SFB-Delta. Thus, by analyzing a wide spectrum of estuarine
species for Hg content, and relating these results to trophic status and feeding mode, we will discern the
primary pathways and extent of Hg contamination within the estuarine food-web.

Two landward to seaward transects samplings will be conducted which include eight additional
stations along the salinity gradient (Fig. 1). One transect witl be conducted during summer (low flow)
when greater sediment recycling of rig is expected; and one will be conducted during winter (high flow)
when larger rivedne inputs of Hg are expected. Plotting the sediment and water Hg data against salinity
will allow for a traditional conservative mixing analysis from which we will determine if a) riverine inputs
of rig are simply diluted by ocean water, b) Hg is trapped in the estuary, and!or~ e) reactive Hg is derived
internally via sediment recycling.

Strict "ultra-clean" protocols (Fitzgerald & Watras 1989) will be used for the collection and
preservation of samples (water, sediment and biota) for Hg analysis. Hg species will be analyzed using
cold vapor atomic fluorescence spectrophotomeuy (Bloom & Fitzgerald 1988, Horvat et al. 1993, Watt’as
& Bloom 1992).

2. What factors control MeHg production and degradation in the estuary?
Bacterial production of MeHg from inorganic Hg"~ occurs most extensively in anoxic sediments.

Benthic microbial MeHg production and degradation rates will be measured at the study sites using
standard mdiolabel tracer ("°~Hg+~ and ~4CH~Hg~) techniques (Gilmour & Riedel 1995, Marvin-
DiPasquale & Oremland 1997). Rate measurements of microbial sulfate reduction (Jorgansan 1978) and
methanogenesis (Marvin-DiP~quale and Oremland 1997) will be made in parallel, as these two bacterial
groups are irxvolved in biogeochemical Hg cycling (Gilmour et al. 1992, Oremland et al. 199 I). The
temporal and spatial distribution of these rate~ will be assessed in terms of ooncurrantly measured
estuarine gradients in organic matter, sulfate, and sediment redox conditions, which impact these microbial
processes (Marvin 1995). Processes which control the microbial availability of rig will also be assessed.
These include abiotic Hg complexatinn with organic matter and sulfur ligands (Dyrssen & Wedborg 1989,
Hogfeldt 1983), photochemical and enzymatic volatile Hg° production (Amyot et at. 1994, Manna et ah
1995), and photochemical lVleHg degradation (Sellers et al 1996). This latter suite o f measurements, in
conjunction with those above, will be used to assess which areas of the SFB-Delta are net sources (or net
sinks) of bioavailable MeHg, and which estuafine variables are most important in controlling Hg
dynamics. Thus, regions of the SFB-Deha that deserve remediation priority atat~ will be identified

3. What are the pathways through which’~g is incorporated into the food-web base?
Benthic and peIagic invertebrates at the food-web base represent a food source for Iower-truphic-

level fish, and the entry point for Hg transfer from the abiotic, microbial mad algal strata. The stable
isotdpe food-web assessment will provide preIiminary information as to which feeding modes and trophie
components at the food-web base readily incorporate Hg. Laboratory studies will be conducted, using
radiolabeled tracers (ie. ~’°JHg~2 and CH~’O~Hg’), to examine these critical entry points in detail and to
assess relative uptake rates of Hg/MeHg among organisms and feeding modes (Table 2). Uptake from
water and food by invertebrates wig be compared among primary annsumers (mysids, copepods,
amphipods, bivalve molluscs, and polychaetes) and among food types. Food will include phytoplankton
and natural particle assemblages with different Hg/MeHg amendments or from sites with different Hg
sources and reactivitie~. Assimilation efficiencies, gross uptake and gross loss rates of Hg.~MeFIg will be
deterndned under di fferent environmental conditions following the approach of Luoma et at. 1992 and
Wang et al. 1996. Bioaccumulation models for Hg and MeHg will be developed for each major group of
consumer organisms. These models will be used to project Hg contamination levels available to higher
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trophic level consumers if Hg concentration/reactiviU at the base of the food-web is changed due to
restoration

4. Do Hg concentrations in water and sediments reflect external or internal sources?
Sediment sources will be investigated at each site by analysis of geochemical and isotopic

signatures. Studies of sediment cores in the bay znd source rocks have shown that differences in Sr and
Nd isotope ratios and Cr and Ni concentrations occur among sedimenls and suspended particulates
originating from the Coast Range, different regions of the Sierra Nevada~ and from sediments released by
hydraulic mining (Bouse etal. 1996) Sediments of the Sacramento River and SFl3-Delta are composed of
variable mixes of these sources under different flow regimes. Recent evidence suggests that Hg containing
sediments derived from hydraulic mining activity may have a greater propensity to release
reactivePoioavailable Hg than do sediments derived from Hg mining activity (D. Slotlon, pers. comm.)
Sediment signatures at different sites and seasons will be related to Hg concentrations and MeHg
production dynamics to determine if sediments from different sources have different iRg-methylation
potentials once they enter the bay. Priorities for remediation of sources may be (re)evaluated if such
differences are evident. The quantification of rig input associated with external sources will be compared
to rates of local (internal) benthic Hg recycling (see below) to detem~ine where and when external or
internal processes dominate the input of reactive I-Ig.

5. How do the estunrine gradients in organic matter composition and sulfide concentration
influence the magnitude and direction of benthic Hg flux?

Both dissolved sulfides and dissolved organic matter ~DOM) exist in the water column at
concentrations that can potentially control the bioavailability of rig in the SFB-Delta (Kuwabara &
Luther 1993). The concentrations of both sulfides and DOM, as well as the composition and soume of
DOM, vary seasonally and along the estuarine gradient. If net Hg-methylation increases directly with
benthic sulfate reduction, then dissolved Hg benthic flux should be consistently positive (out of the
sediment), mimicking sulfide, and should be dominated by the variability in microbial sulfate reduetion.
However, if net Hg-methylation is eomrolled by other processes (e.g., the dissolution rate of insoluble.
HgS), then dissolved Hg benthic flux may shift in direction (into sediment) and be dominated by the
variability in overlying water and pore-water DOM composition which mediates HgS dissolution (Aiken~
unpublished data). To determine which of these two scenarios most accurately describes the control of
dissolved Hg benthic flux in SFB we will a) determine the magnitude and direction of benthic Hg flux at a
number of the study locations, and compare these results to the flux of cadmium (Cd) and copper (¢u)
measured simultaneously, b) examine the role of microbial sulfate reduction in regulating the magnitude
and direction of Hg benthic flux, e) quantify the relationship between Hg flux and the flux of dissolved
sulfides and DOM, and d) characterize DOM with respect to dominant functional groups which are
known to compete with sulfides for Hg binding. The geochemical factors that control the benthic flux of
Cd and Cu have been studied in the SFB estuary (Kuwabara et ai. 1996), and these elements will provide
a comparative model t~ assess Hg benthic flux. Characterization of DOM at the study sites will provide a
rang;e of purified organic substrate for laboratory HgS dissolution experiments which will be conducted to
supplement the benthic flux field work. The characterization of DOM along the esturaine gradient will
also compliment and be coordinated with similar ongoing DOM characterization studies in the delta,
conducted by (3. Aikon et at. 0JSGS).

6. What will be the effect of wetlands restoration via flooding on Hg remobilization and
bioaccumulation?

The flooding of soiIs for the purposes of fish habitat restoration may potentially ramobilize
sequestered reactive Hg and result in enhanced Hg bioacsumulation in local and regional food webs.
Simulated flooding events will be conducted in mesocosms containing soils collected from a number of
designated habitat restoration sites to assess this remobilization potential. Together, CALFED and the
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USGS will determine appropriate sampling sites based on locations proposed for habitat restoration
through this P-&-P. The genchemical/isotopic signature methods, described above, will be used to
determine soil origin at these sites. Upon mesocosm flooding, the availability of reactive Hg*~ and the
production of MeHg will be monitored over 2~ weeks. Zooplankton and benthic infauna wiII be used to
assess Hg bioaccumulation potentials. Soil collected from the Yolo Bypass during the dry season will be
used as an experimental control. Hg remobilization and bioaccumulation potentials resulting from
mesocosm flooding of this substrate will be compared to field concentrations measured in sediment, water
and biota at this site during seasonal flooding. These me~ocosm studies will provide C!EL,FED criticaI
information regarding which proposed areas, if flooded, may worsen Hg contamination at both local and
regional scales.

7. Does a significant Hg-Se relationship exist in the SFB-Delta food-web?
At what Se concentrations is Hg bioaocumulation mitigated in low lrophic level organisms?

Both field and laboratory studies will assess the magnitude of the potential He-So interaction in the
SFB-delta. ln-situ Se concentrations will be determined in all seston, invertebrate and fish samples
colIected as part of the field program. Fig and Se concentration data will be analyzed to delermine ira
statistically significant He-So interaction exists, either across the spectram of species sampled or within
various components of the fond-web. In addition, controlled experiments will be conducted to determine
at what Se concentrations the assimilation of He and/or MeHg is mitigated in lower trophic level
organisms. Results from laboratory experiments wilI be compared with in-situ Hg and Se ccncentratious
measured in invertebrates. This information may then be used in setting appropriate Se remediation target
concentrations.

B. Location / Geographical Boundries
Figure 1 indicates the location of all sampling site~ for the field effort. This project focuses on the

tidal estuary and does not extend into the non-tidaI watershed. Hg dynamics in this latter region will be the
main focus of the complementary research effort by Suchanek et al (see proposal in this round), with
whom we will be coordinating (see below) The geographical area of overlap for the two projects (i.e. the
Delta) provide a unique opportunity for both projects to validate methods and approaches. Together, both
projects will provide a complete, and nearly seamless, ~ssessment of Hg dynamics and bioaccumulation
from sources, in the non-tidal fresh watershed (Suehanek et al), to the estuary proper (our project).

The central and south Bay sampling locations (sites 8 & 9, Fig. 1), while outside of the stated area
of primary interest for CALLED, will be critically important biological and geochemical estuarine end-
member locations. Their inclusion provides us with the full range of estuarine conditions (ohemical,
physical, geochemical, and biological) which will be needed to determine which environmental factors
have the most pronouced affect on Hg cycling in this system. The exclusion of these sites would limit our
ability to determine which estuarine variables control Hg cycling and bioaccumulation in the SFB-Delta.

C. Expected Benefits
The scientific information resulting from this project wilI allow the CALFED agencies to prioritize

Hg remediation in the hierarchy of proposed SFB-Delta restoration initiatives. Specific strategies focused
on limiting Hg input and bioaccumulation can then be proposed if it is determined that Hg remediation
should be given priority status. These strategies may include actions that limit a) the amount of Hg
entenng the Bay/Delta, b) the degree "co which innrgnnie Hg is microbially methylated, e) the transfer of
MeHg into the food-web base, or d) the bioconcentration of MeHg from lower ~o higher trophic levels.
This information will also allow future remediation resources to be effectively concentrated in specific
SFB-Delta regions where it has been determined that MeHg production and/or incorporation into the
food-web base is greatest. Restrictions on fish consumption could be modified if He contamination is
seasonal or location specific Once the impact on Hg cycling and bioxecumulation has been asseased in
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terms of habitat restoration and Se remediation, action with respect to these latter two CALFED initiative
can be either proposed, enhanced or reevaluated

The wealth of Hg concentration and MeHg production data coIlected as part of this project will
provide critical baseline information to UALFED which will be used to determine the effectiveness of
subsequently implemented remediation actions The Fig?MeHg bioaccumulation models that will be
constructed for organisms at the fond web base will be especially valuable to ecosystem managers as tools
for predicting the effects ef specific Fig remediation initiatives. The two interim year-and reports and final
report, that will be submitted as part of this project, will provide specific recommendations as to cost
effective Hg remediation strategies b~e on our assessment of Fig cycling and bioaocumulation dynamics
in the SFB-Delta.

D. Background 1 3ustification
Unlike other estuaries, the drainage basin of the SFB is associated with one of the worlds largest

natural depo~ita of rig ore (primarily FIGS), located along the northern California coast. The Hg mined
from these deposits was purified to elemental Hg° and used for the extraction of silver and gold from
hydraulic mining sites in the Sierra-Nevada mountains during the late 1800’s. Most coastal Hg mines
ceased operation during 1950 - 1970, but contamination from abandoned mining are~ continues to be a
source of input to the SFB-Delta (Bouse etal. 1996) As the estuary also receives freshwater input from
the Sierra-Nevada mountains, the potential input of naturally occurring, remobilized and anthropogenie
Hg is exceptionally large. Floweret, the relative current contributions from these various sources is
unknown, as is the magnitude and biological reactivity of these external inputs compared to the internal
benthic recycling of previously deposited Fig.

The Iimited data available regarding Fig concentrations in biota from the SFB and its watershed
indicate that a wide range of organisms contain Fig levels that approach or exceed those which pose a
potential public health risk (Martin etal. 1984, SFBRWQCB 1995, SWRCB 1995, SWRCB 1996).
Fiowever, sampling to date has not been extensive or systematic, and the full extent of Hg contamination
throughout the SFB food-web is unknown. If mmediation efforts should improve habitat sufficiently to
restore fish populations, the value of those efforts will be limited if the fisheries remain contaminated with
Hg at levels that exceed health standards.

The accurate knowledge of rig sources, transpo~ and fate is essential for effective Fig
remediation. This can only be achieved with a complete assessment of all Fig species in the dissolved,
particulate and gaseous phases. Figure 2 shows a schematic of the important Hg species in aquatic
ecosystems and their ~ke y fate. The most reacttve form of mercury occurs as charged morgamc Hg
which strongly associates with organic and inorganic particles, and is readily transported to the sediments
(Bilinski et al. 1992). There, Hg"~ can be methylated by bacteria, forming MeFfg (Compeau & Bartha
1985). It is this latter Hg species which most readily bioaccumulates in food-webs (Bloom 1992).
Therefore, MeHg is the most important Hg species in the environment from a toxicological and
bioaccumulative standpoint. Sites and rates of MeHg production, dastmction, and bio-uptake are
consequently a focus of most Hg studies. The overview of rig dynamics in aquatic systems given in Fig. 2
provides a framework from which to assess Fig cycling within the SFB-DeIta. Fiowever, the specific
factors which control reaction kinetics, Fig speciation, and bioconcentration dynamics, are site specific and
will undoubtedly vary among locations, as will the appropriate remediation strategies.

Many of the marshes in the Delta, Suisun and San Pablo Bays were created between 1850 and
1900 by inflows of sedimentary wastes from hydraulic mining (Paterson etal. 1993). Restoration of such
areas via flooding could worsen Hg contamination in the SFB-Delta if these sites are contaminated with
reactive Fig. Recent evidence has demonstrated that the flooding of rig containing soils results in the
remobilization of previously sequestered Hg, leading to enhanced Hg bioaceumulation (Kelly et al. 1997,
Morrison & TMrien 1995) To date, Fig concentration, origin, reactivity and potential bioavailability has
not been assessed for proposed habitat restoration areas.
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A secnnd proposed restoration initiative that may potentially enhance Hg bioaccumulation is the
reduction of selenium (So) concentrations in the SFB-lOelta. Evidence from other aquatic systems
indicates that a Hg-Se interaction exists, such that the presence of Se may mitigate the bioaecumulation of
Hg in fo~d-webs (Cuvin-Aralar & Furness 1991). The extent of such a Hg-Se interaction in the SFB-
Delta food-web is unknown. However, the current degree of Hg bioaccumulation throughout this system
may be somewhat lower than might otherwise be the case if Se concentrations were decreased.

E. Proposed Scope of Work
Table 4 describes the sequence and time frame for the components of this project. The majority of

field work (water, seston, and sediment sampling) will be conducted during 1998 and 1999. Additional
sampling will be conducted ~s needed during the spring/summer of 2000 to fulfill our goal of sampling
each site and condition twice and based on earlier results. All supplemental laboratory work (including:
mesoeosm experiments of flooded soils, MeHg photodegradation, HgS dissolution by dissolved organic
carbon, dissolved gaseous Hg~ production, HgiMeHg bioaccumulation, and Se interaction studies) will be
conducted throughout the three year period, as fresh sample becomes available as part of the field effort.
The assessment of Hg bioaccumulafion in fish with respect to age will be conducted primarily during the
first year. Subsequent yearly fish sampling will focus on regional differences in Hg accumulation.
Bioaceumulation models of Hg/MeHg in organisms at the food web base will continually be constructed
throughout the three year period as data becomes available. Annual reports, outlining preliminary rasult~
and progress to date, will be submitted to CALFED during years 1 and 2, and a final report, including
spoeific recommendations for Hg remediation will be submitted at the end of year 3.

17. Monitoring and Data Evaluation
The relative percent difference (RPD) between duplicate sample mea_surements, for all analyses,

mast be within 10’,/o to meet quality assurance objectives. A third sample will be ~ssayed if the RPD
exceeds 10%. Periodic inter-laboratory calibrations will be conducted between the Midwest Science
Center (Columbia, MO) and the USGS-WRD laboratory (Madison, WI) for total Hg quantification in fish
tissues. Stable isotope data will be analyzed with the "trophic position isotope spectrum" method
(Monteiro et ah 1991) which quantifies the relative magnitude of dietary pathways. Auxiliary data
regarding Se distribution and concentrations in biota will be made available from the Selenium Cycling and
Bicconcentration project as proposed to CALFED by Luema et al (see proposal in this round)

The project will be coordinated with a number of ongoing USGS initiatives, the CA Dept. of Fish
and Game sampling survey, and several complementary CALFED proposals submitted this funding round.
These proposals incIude: a) The Role of Upstream Hg Loading and Speciation on Localized Downstream
Bioaeeumulation (Suehanek et al., UC Davis); b) The Effects of Wetland Restoration on the Production
of MeHg in the SFB-Delta System (Suchanek et al., UC Davis); c) Se Cycling and Remediation in the
SFB-Delta (Luoma et. al., USGS). In addition to the complimentary Hg proposals cited above, a number
of other Hg projects are being proposed this round. To minimize duplication of effort and maximize
effective collaborations in this important area of SFB-Delta research, we will join together with all funded
Hg projects during a series of meetings to be held twice yearly to share current data and ideas (see
attached Letter of Commit~ment). To this end a separate proposal has been submitted this round that
details this commitment. This proposaI in entitled: Integration of rig Studies and Results on the SFB-
Delta system (Suehanek et al, U¢ Davis). All scientific findings and conclusions resulting from this work
will be submitted for publication in relevant peer reviewed journals.

G. Implementability
No permits nr easements will be required to implement this project. All radiochemical assays will

be carried out under currently held Nuclear Regulatory Commission radioisotope user licenses, and with
strict adherence to established safety protocols.
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IV. Costs and Sehedtde to Implement Proposed Projeet

A. Budget Cus~s

The cost of implementing this project will be shared among the USGS, California Dept. of Fish
and Game (CDFG), and CALFED. Table 5 summarizes the budgeu for each of eight investigator groups,
and indicates how costs are shared among agencies. Table 6 summarizes the specific t~sks associated with
each investigator group. The budget summary (Table 5) is based on the detailed budgeLs submitted by
each investigator group (Appendix A).

The majority of salaries and benefits of USGS Project ChieN will be paid by the USGS, these
include the following co-investigators: R. Oremland, I. Cloem, S. Luoma, L Kuwabasa, G. Aiken, C.
Kendall and M Saiki. In addition the USGS will pay the majority of salary and benefits for, L. Miller
(Group I), M Hornberger and C. Brown (Group II), J. Edmunds and B. Cole (Group Ilr), B. Toppings
and J. Koleis (Group IV), J. Hurley (Group V), and C. Chang (Group VI1). Other salaries and benefits
(postdoctoral associates, staffand technicians) will be paid by CALFED. The CDFG will pay the salaries
and benefits for all of its employees (Group/X). The cost offish collection (including boat time, crew and
sampling gear) will be contributed by the CDFG ($31,936), to the degree that sampling is conducted as
part of their ongoing monitoring program (see attached Letter of Committment). A supplemental fish
sampling budget is requested from CALFED by CDFG ($5,000) in anticipation that additional sampling
effort by CDFG will be needed to collect the minimum number select species" (Table 3) needed for
statistical data analysis (n-I 0-20 per region per sampling). We request that this supplemental funding be
paid directly to CDFG and not be part of the overall USG$ funding by CALFED.

The USGS will pay all costs associated with field sampling aboard the research vessel
Polaris. These costs total $84,702 over the entire project, and include, boat time, fuel, crew, ship
maintenance, and permanent shiplx)ard sampling gear. Additional CALFED funding is requested for the
fun!, transport and maintenance of the smaller vassel (25’ Frontier Whaler) which will be needed to sample
shatlow water sites. In addition, salary and benefit funding is requested to hire one fall time posen to run
and maintain this vessel. This person would also be available to all investigator grouN to assist with field
sample collection and processing. The USGS will also pay the fuel and maintenance costs for a mobile
laboratory vehicle that will be used as an on-site facility during the collection and processing of shal!ow
site samples and soils from wetlands restoration areas (Group I Budget) Fuel and maintenance of
additionM support vehicles w~lI also be paid for by the USGS.

The total cost of the proposed Hg assessment will be $5,339,351 (Table 5). We are requesting
$3,782,463 (70.8%) of this funding from CALFED, of which $3,777,463 will go to the USGS and $5,000
will go to CDFG.

B. Schedule Milestones

Table 4 details the schedule for the field and experimenkd eomponent~ of this project. In addition,
joint meetings between USGS and CALFED representatives will be held during February 1998 to disnuss
possible wetland restoration sites to be sampled for the Hg remobilizafion assessment. The interview and
hiring of the unnamed postdoctoral associates, technicians, and support staff(Appendix A) will be
completed by March 1998 Assuming multiple Hg projects are funded, joint meetings designed to share
findings and develop collaborations will be held twice yearly with Hg other groups (see proposal this
round from Suchanek et at. entitled: Integration of mercury studies and results on the San Francisco Bay-
Delta system) Annual progress reports to CALFED wiI1 be submitted during December 1998 and 1999,
with a final report due during December 2000 (Table 4). The fulfillment of this project according to the
above schedule will be contingent upon the annual appropriation of funds from CALFED.
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C. Third Party Impacts

There are no immediate third party impacts which would result from this proposed assessment, kn
the long term. public health may be positively affected as a result of our improved understanding
regaJ-ding where, when and which fish species pose the greatest Hg contamination threats. Third parties
proposing wetlands restoration projects may need to consider the potential for Hg remobilization as a
result of our findings. Likewise, third parties proposing Se remediation projec~ may also need to consider
the potentml for exacerbating Hg contamination depending on our findings.

V. Applicant Qualification~

The strength of this proposed SFB-Delta Hg assessment lies in the qualification of the
investigators involved As a group, they bring together extensive experience in the are~ of environmenta!
mercury and trace metal cycling, estuarine ecology, organic and stable isotope geochemistry, biology and
microbiology. While the accomplishments and quaIificaitoos of the researchers involved in this project are
too numerous to expound upon here, the sum of individual biographies supplied in Appendix B attests to
the groups credentials and expertise. Table 6 summarizes the involvement of all investigators in the
various aspects of this project.

The principal investigator (Iv[ Marvin-DiPasquale) will be responsible for the coordination,
logistics, budget and annual reports to C?~L.FED, in addition to his own scientific involvement (Table 6).
Dr. Marvin-DiPasquale has been instrumental in two uther successful multi-investigator, multi-discipline,
ecosystem level research projects The first was the NSF funded Chesapeake Bay - Land Margins
Ecosystem Research (LMER) program (Kemp et al. 1997, Marvin 1995, Marvin-DiPa~quale & Capone
1997), which focused on the temporal and spatial dynamics of nutrient and carbon cycling in the
Chesapeake Bay estuary. The second is the current EPA/USGS funded Aquatic Cycling of Mercury in the
Everglades (ACME) project (Marvin-DiPasquale and Oremland 1997). The ACME project is exploring
many of the same issues in South Florida, regarding environmental controIs on Hg reactivity and
bioaccumulation, as will be addressed in the proposed SFB assessment. The ACME project is being
directed and coordinated by D. Krabbenhoft, who is also a co-investigator on this proposal. Dr.
Krabbenhofi is a leader in environmental Hg research and will be conducting the Hg speciation analysis in
water, sediment, sestun, and invertebrates for this project.

The Western Region USGS project chiefs participating in this assessment (L Cloertu S. Luoma, L
Kuwabara, and R. Oremland) have a long history of involvement in SFB research which will prove
invaluable in interpreting complex spatial and temporal Hg data with respect to local physical, chemical,
geochemical and biological considerations. A number of the project investigators also have extensive
experience with environmental Se research (S. Luoma, M. Saiki, T. May and R. Oremland). This
background will be invaluable in assessing potential Hg-Se biotic interactions. Experimental studies of the
mitigation of rig bioaccumulation by Se will be conducted by S. Luoma and B.G. Lee. Analysis of Hg-Se
interactions in biota will be conducted by M. Saiki and T. May. In addition M Saild will direct and
coordinate the CDFG fish collection, and T. May wig conduct the analysis of rig and Se in fish ti~ue.
Stable isotope analysis of biological samples will be conducted by C. Kendall, who is also involved in the
food web analysis for the South Florida ACME project. The trophic food-web structure assessment will
be directed by J Cloem, who will also direct the collection and identification of pelagic and benthic
invertebrates. The origins of sedimeu~ as determined by isotopic/geochemical signature analysis will be
conducted by S. Luoma and R. Bouse. The characterization of benthic microbial processes, including Hg-
methylation and MeHg degradation rate measurements, will be conducted by M. Marvin-DiPasquale, L.
Miller and R. Oremland Measurements of dissolved Hg benthic flux will be conducted by J. Kuwabara,
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G. Aiken and D Krabbenhofl. Characterization of dissolved organic matter will be conducted by G.
Aiken.

VI. Compliance with standard terms and conditions

The Non-discrimination Compliance Skatement is agreed to, signed and attached to the end of this
proposal.
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Table 1. Sampling site description. The conditions and con’esponding monthly intervals lisled for each site represent the extremes in fresh
water flow and algal production characteristic of each site. Each sile and condition will be sampled at least twice during the three year field
program (see Table 4 and Fig. I),

Site Habitat Type Representative of: Condition 1 Condition 2 Condition 3

Tidal River Deep Itabital of the Sacramento River; High Flow Low Flow
Q) Sacrmncnto (Sacranlento) Freshwater Biota; Sport fishery [Jan-Apt] [Aug-Sept]
R. at Prospect
Island

~) Newly Freshwater Shallows Model for Restored Shallow Watcr High Flow Low Flew

Flooded Prospect
llabitat; freshwater biota [Jan-Apt] [Aug Sepal

Island

(~) Yolo Bypass Seasonal Wetland Potential Silo for Permanent Flooding; Dry Flooded
potential high activity [June-Ocq [Jan-Apr of wet years]

(~) Suisun Bay at Brackish/Low Salinity Estuary Critical Nursery Habitat; Estuarine Iligh Flow Low Flow

Ryer Island Biota; Sport fishery [Jan Apr] [Aug-Sept[

(~ Montezuma Brackish/Low Salinity Marsh Critical NurseD, Habitat Influenced by High Flow Low Flow

glou~h
Maxsl~ Exchanges; Estuarine Biota lion-AptI [Aug-Sept]

~) Central Delta Tidal River Deep Habitat of Ihe San Joaquiu River Low Algal Biomass High Algal Biomass

at IEP site D26
(San Joaquin) and Central Delta; Freshwater Biola; [Jan-Marl [June-Aug]

Sport fishery [Nov-Janl [Mar-Apt] [Apr-Mayl



Table 2. Organisms at the food web base o f tb.e San Francisco Bay estuary to be collected as part
of the proposed USOS Mercury field sampling pro~am.

Feeding Mode              Species T~’pe                Examples
Pelagic suspension feeders    calar~oid copepods           ~, Acartia

Pseudodiar~tomus,
Sinocalanus

cladocerans ~ Dia~han~soma,
Bosmina

Pelagic carnivores cyolopoid copepods ~ Limnoithona

larval fish
Benthic ~uslx’nsionYdeposit i bivalve moJlusc~ Potamocnrbula, ~
feeders M~y_a, "l’aoes, Macoma

amphipods ~ ~

polychaete worms Streblos~.~, Heteromastus
As¥chis, Capitella

Benthic carnivores ~olychaete or annelid Nerei~s, Limn~odrilus
worms

Epibenthic mysid shrimp ~, ~
herbivores/cmnivoras

harpacticoid copepcds
Epibenthic carnivores bay shrimp Cran ogg~ Palaemon

crabs Cancer, Hemiqra~us
Intertidal ~razers ~astropods Ilyanassa
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Table 3. Fish Sampling Design. The temporal and spatiaI variability of Hg (and So) contamination io fish of various trophic levels will be
determined by sampling five distinct geographic Bay areas for the fish species indicated. The primary sampling effort will be targeted lbr
species designated with (*). The additional species listed may be collected when available to supplement our broad spectrum food web analysis
and to compare Hg contamination among species within a given trophic level. Fish sampling will be conducted during the periods indicated in
Table 4. For each species*/region n=10-20, Adults of species in brackets [ ] use the Bay/Delta primarily as a migratory corridor and may not
accurately reflect the bioavailability of Hg in the local environment.

TROPHIC LEVEL DELTA SUISUN BAY SAN PABLO BAY CENTRAL BAY SOUTH BAY

Forag~ cn Yellowfiu goby ~’ellowfia goby (ellowfin goby g¢llowfin goby Y¢llowfin goby

Steelhead (juvenile) ~eop,’u’d sh~k .eopard sh~k ~Vhit¢ croaker White croaker
Vhite croaker Nhite croaker 2hinot~k salman (juvenile’, Steelhead (juvenile)

?iscivore ;trlped bass lsubadult & ;triped I~tss (subadult & ~t¢iped bass (subadult & Striped bass (subadult & Striped bass (subadult&
forage on fish) ,dult)* tdult)* idult)* adult)* adult)*

Chinooksalmon (adult)] Chinook salmon (adult)] Chinook salmon (adult)] 7hinooksalmon (,adult)] St©elhe~ (adult))
Steelhead-(adult)] Steelhead (adult)] Steelhead (adult)] [Steelhead (aduh)l



Table 4. Project Schedule

1998 1999 2000

Fish x x x x
Smaplin~~’

MeHg~ x x x

HI° ~oduelion~ x x x



Table 5. Budget Summary - Based on detailed investigator group budgets given in
Appendix A Tasks corresponding to specific investigator groups are given in Table 6.

Direct                     Other
investigator Funding Salary & Materials~ Direct lndir~ct Total

Group A~enc~ BenefitsI Co~ts~ Costs~ Co~Is

I USG’S 85,765 30,000 7,500 69,644 192,909
II USGS I37,477 37,500 8,000 103,382 286,359
II][ USGS t20,164 0 6,500 71,565 198,229
IV USGS 172,869 18,000 20,000 119.141 330,010
V USGS 42,451 31,500 0 41,782 115,733
VI USGS 49,305 12,000 0 34,638 95,943
VII USGS 22,538 15,000 7,500 25.446 70,484
VIII USGS ~3 96,000 0 54,579 150,579

Boat-1 s USGS 34,125 17,500 2,500 30,58I 84,706
TotaIUSGS Contribution -- $1,57.4,952

Percent efTotal Cost ~ 28.6%

IX CDFG 20,124 3,920 1.920 5,972 31,936
Total CDFG Contribution = $28,738

Percent of Total Cost = 0.6%

I CALFED 342,036 42,500 17,500 227,150 629,186
II CALFED 381,350 25,(~00 6,000 232,978 645,328
ITI CALFED 236,487 22,000 16,000 155,085 429,572
IV CALFED 227,560 36,500 42,500 173,206 479,766
V CALFED 332,280 32,625 32,000 224,251 621,156
VI CALFED 99,382 18,000 12,000 73,100 202,482
VII CALFED 168,985 38,000 6,000 120,336 333,321
VII/ CALFED 120,747 18,050 1,500 79,268 219,565
IX CALFED 0 0 4,065 935 5,000

Boat-26 CALFED 112,214 16,500 10,000 78,373 217,087
Total CALFED Funding Requested =$3,782,463

Percent of Total Cost = 70.8"/.

Project TotaICost= $5,339,351

~ From Sections A and 13 in detailed budgeLs; App~dkx A.
~ From Seotions C and D in detailed budgets; Appe~dLx A.
J From Sections E, F and G in detailed budgets; Appenciix A.
a From Section J in detailed, budgctz; Appcndix A.
~ Funds for boat time on d~e R.~%’ Polaris (USGS), see detailed budget: Boat-I
6 Funds for boat time oa the P~%’ Frontier (USGS) and one f~ll time position, see detaile~ budget: Boat-2
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Table 6. Project involvement of investigator groups. Roman numeral for group corresponds to
summary budget groups (Table 5). Detailed budgets for each group are given in Appendix A.
Individual investigator biographies are given in Appendix B.

GROUP I INVESTIGATOR(S) PROJECT INVOLVEMENT
Mark Marvin-DiPasqualemicrobiaI Hg-methylation and MeHg-degradation
(Microbial Ecologist) rates, ben~ic microbial processes (sulfate

I Laurence Miller reduction and methanogeneais), sediment and
(Oceanographer) porewater characterization (redox, nutrients, DOC,
Ronald Oremland D[C); Hg remobilization in restored wetlands -
(WILD Project Chic0 mesocosm experiments

USGS Menlo Park, CA
Samuel Luoma sediment origin geochemical signature assessment;
(WRD Project Chief) Hg uptake by invertebrates - laboratory

II Byeong-Gweon Lee experiments; Sc-Hg interactions at the food web
(Biogeochemist) base - laboratory experiments; sediment and water
Robin Bouse column Se analys~s
(title)

USGS - Menlo Park, CA
James Cloern trophic dynamics ! food web assessment, water
(WRD Project Chief) column and surface sediment characterization,III usGs - Menlo Park, CA benthic/pelagic invertebrate collection and

characterization

James Kuwabara dissolved Hg benthic flux; Hg complexation
(WRD Project Chief) reactions with dissolved organic carbon and sulfur

IV USGS - Menlo Park, CA ligands; dissolved organic matter characterization
George Aiken
(WRD Project Chief)
USGS - Boulder, CO

V David Krabbenhoft Hg speciation analysis in water, sediment and
(WRD Project Chief) biota; phetochemical MeHg degradation and Hg+z

USGS - Madison, WI reduction (dissolved gaseous Hg° production)
experiments

continued ....
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Table 6. (continued)

GROUP IIVVE STIGATOR{S} PROJECT INVOLVEMENT

V] Michael Saikl bioaccumulation of rig in fish. fish collection
(Fisheries Biologist) coordinator; fiah gut content analysis; tissue
USGS-BRD. Dixon, CA preparation

VII Carol Kendall stable isotope analysis; trophic: dynamics / food web
(~VRD Project Ch e~) assessment
USGS- Menlo Park, CA

VIII Thomas May bioaecumulatioa of Hg in fish; Total Hg and Se
(Re*eareh Chemist) analysis in fish tissue
USGS-BRD
Columbia, MO

lX Chuck Armor Fish collection
CA Dept. of Fis~_ and Game
Stockton, CA
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Ru~0ff

CH~Hg~



APPENDIX A.

Detailed Budgets for Individual Investigator Groups
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APPENDIX A. Detailed Budgei Funds Contributed by the USGS
Investigator Group: I

]. TOTAL DIRECT COSTS (A-G) 40,023 40,583 34,643 123,265

J. ENDIRECT COSTS (@ 56.5 % of direct cost~) 22,6 [3 22,929 19,573 69,644

K. TOTAL COSTS (1 +J) 62,636 63,513 54,216 [92,909

* In-klnd contribution of existhag equipment
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APPENDIX A. Detailed Budget Funds Contributed by the USGS
Investigator Group: II

~    ~    ~    TOTAL

1. TOTAL DIRECT COSTS (A-G) 62,826 63,826 56,326 182,977

J. I?¢DIRECT COSTS (@ 56.5%of direct cost~) 33,496 36,061 31.824 103,382

K. TOTAL COSTS (I +J) 98,322 99,887 88,150 286,359

* In-kLad contribution of exlstlng ¢quipmeaxt
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APPEND]~ A. Detailed Budget Funds Contributed by the I)SGS
Invesligator Group: III

I --002284
1-002284



APPENDIX A. Detailed Budget Funds Contributed from the USGS
Investigator Group: IV

A. SALARIES

a. George Aiken ( Chemist. GS 14) 25 of 30 18,291 18,820 18,820 55,931
b. Jalne~ Kuwabara (Hydrologist, GS I4) 25 of 30 19,828 19,828 20,379 60,035

2. Others
a. Brent Topping (Hydrologist, GS7) 25 of 30 6,850 7,071 7,291 21,212
b. lanec¢ Kolels (Hydrologis~. OS7) 15 of 20 3,425 3,535 3,646 10.606

TOTAL SALARIES 48.394 49.254 50,1~6 i47,784

B. BENEFITS

a. George Aiken (Chemist, GS 14) 2,451 2,522 2,522 7,495
b. Jamez Kuwabara (Hydrologist, G$ 14) 2,657 2,657 2,731 8,045

a. Brcrtt Topping (IIydrologisL GST) 2.055 2,121 2,187 6,364
b. Janece Ko Ids ( Hydro logist, GS7) 1.027 1,061 1,094 3,182

TOTAL BENEFITS 8.190 8,361 8.534 25,085

C. PERMANENT EQUIPMENT 8,1)00 8,000

D. EXPENDABLES 4,000 4,000 2,000 10,000

E. I’RAV EL (Personnel and equipment) 1,000 1,000 2,000 4,000

F. PUBLICATIONS Kuwabara > 500 500 1,000 2,13~0
Aiken > 1,000 1.000 1,000 3,000

G. OTHER
a. analytical expenses 5.000 5,000 1.000 i 1.~0

L TOTAL DIRECT COSTS (A-G) 76,084 69,115 65.670 210,869

J. LNDIRECT COSTS (56.5% o f direct costs) 42,987 39,050 37,104 119,141

FL TOTAL USGS CONTRIBUTIONS (l + J) 119,072 108,165 102,774 330,010
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APPENDIX A. Detailed Budget Funds Contributed bv the USGS
Investigator Group: V

I~ BENEFITS
I. principal lnv~tigator(s}

a David Krabbcr~hol’t (GS 14) 1,450 1,493 1.538 4,481

20th~
a. Jim Hurley (Univ. of Wise ) 1,388 1,402 1,415 4,204

TOTAL BENEFITS 2,837 2,895 2,953 8,685

C. PER~L~N’ENT EQUIPStENT* 10,500 10,500 10,500 31,500

D. EXPENDABLES 0

E. TRAVEL 0

F. PUBLICATIONS 0

G. OTHER COSTS 0

L TOTAL DIRECT COSTS (A-G) 24,33A 24,649 24,967 73,95I

J. LNDIRECT COSTS (@$6.5°/oof dir¢~l costs) 13,749 ]3,927 14,106 41,782

K. n£OTAL COSTS (1 +J) 38,084 38,57~ 39,(~73 115,733

* In-kind ¢ont~butioa of existing equipment
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APPENDIX A. Detailed Budget Funds Contribuled bv the USGS
Investigator Group: VI

YEAR 1    ’rT.AR 2    YEAR 3
~ ~ ~ TOTAL

1. Principal Investigators)
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APPENDIX A. Detailed Budget Funds (~ontributed by the USGS
Investigator Group: VII

YEAR 1 YEAR 2 YEAR 3

A. SALARIES
1 Principal Iaveztigato~s)

a, Carol Kendall (Hydrologist, GS- 14) 5 of 10 3,952 4,070 4, I92 12.214

2. Others
a. Cecily Chang (Hydrologist, GS-12) 5 of 10 2,667 2.747 2,829 8.242

TOTAL SALARIES 6,618 6,817 7.021 20,456

B. BENEFITS
1. Pm~cipal Investigator(s)

a. Carol Kendall (Hydrologist, GS-14) 407 419 432 1,258

2. Oth~s
a. Cecily Chime (Hydrologlst. GS-12) 267 275 283 824

TOTAL BEN EFITS 674 694 715 2.082

C. PERMANENT EQUIPMENT" 5,000 5,000 5,000 15,000

D. EXIaENDABLES

E. TILAVEL

F. PUBLICATIONS 2,0~0 2,500 3,000 7.500

G. OTt~ER COSTS

E TOTAL DIRECT COSTS (A-G) 14,292 15,010 15,736 45,038

J. INDIRECT COSTS (@ 56.5 */0 of direct costs) 8,075 8,481 8.891 25,446

1~ TOTAL COSTS (1 +.F) 22,366 23.491 24.626 70.4ga

* In-kind contribution of existlng equipment
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APPENDLX A. Detailed Budget Funds Contributed bv the USGS
Investigator Group: VIii
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APPENDIX A. Detailed Budget Con.tributions from CA Dept. of Fish and Game
Investigator Group: IX

1, p 0mc~ pal. Inv~tigator(s)

B. BENEFITS
1 pnncipal Inves6gator(s)

a Boat Ope~alor 422 211 2ll

c. Crew 2 t$ 109 109 437
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APPENDLX A. Detailed Budget Funds Contributed by the USGS

Investigator Group: Boat-1 The R/V Polaris
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APPENDIX A. Detailed Budget Funds Reouested From CALFED

Investigator Group: I

~    ~    ~-’    TLZTAL
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APPENDEg A. Detailed Budget Funds Requested From CALFED
Investigator Group: II
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APPENDIX A. Detailed Budget Funds Requested from CALFED
Investigator Group:

yEAR 1 YEAR 2 YEAR 3

I. TOTAL DIRECT COSTS {A-G) 94~511 93,806 86,170 274,187
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APPENDIX A. Detailed Budget Funds Reauested from CALFED
Investigator Group: IV

Year I Year 2 Year 3

A. SALARIES

b, Jaaec~ Koleis (Hydrologist, GS7) 5 of 20 228 236 243 707

20fi~rz

e ~raduate Student, GS~ 1,599 1,980 2,046 3,625

1. S~fipping (Equipment traaspor0 2,500 2,500 500
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APPENDIX A. Detailed Budget Funds Requested from CALFED
Investigator Group: V

~’EAR 1 ~’EAR 2 YEAR. 3

I. TOTAL DIRECT COSTS (A-G) 144,128 127,728 125,049 396,905

J. E~IDI~E C~£ COSTS (~56.5 % of direct casts) 81,432 72,166 70,653 224,251

K. TOTAL COSTS (I +J) 223~561 199,894 19~,702 621,156
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APPENDIX A. Detailed Budget Funds Requested from CALFED
Investigator Group: VI
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APPENDIX A. Detailed Budget Ful~d~ p~eouested From CALFED
Investigator Group: VII
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APPENDIX Ao Detailed Budget Funds Reauested from CALFED
Investigator Group: VIII

YEAR 1 Y~Ai~ 2 Y~A~ 3
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APPENDIX A. Detailed Budget Funds Reuuested from CALFED
Investigator Group: LX

YEAR 1 YEAR 2 YEAR 3

A. SALARIES
I. Principal havesfigato~s)

a. Charle~ Armor 5 CDFG CDFG CDFG CDFO
2.Offsets

a. Boat Operator 3 CDEG CDFG CDFG CDFG
b. Deckhand 3 CDFO CDFG CDFO CDFG
e Crcw 3 CDFO CDFG CDFG CDFG

TOTAL SALARIES 0 0 0 0

B. BENEFITS
I P~ncipal Investigatoffs)

a. Ch~l~ Armor CDFG CDFG CDFG CDFG

a. Boat Operator CDFG CDFG CDFG CDFG

b. D~kh~d CDFG CDFG CDFG CDFO
e Crew CDFG CDFG CDFG CDFG

TOTAL BENEFITS 0 0 0 0

C. PE P.A|ANENT EQUII~MENT CDFG CDFG CD~G CDFG

D. EXPENDABLES CDFG CDFG CDFG CDFG

E. TI~XVEL CDFG CDFG CDFO CDFG

F. PUBLICATIONS 0

G. OTIIER COSTS* 2,000 1,035 1.030 4.065

L TOTAL DIRECT COSTS (A-G) 2.~00 1,035 1,030 4.065

J. 12~’D IRECT COSTS (@ 23% of direct co~ts) 460 238 237 935

hL TOTAL COSTS (I +J) 2,460 1,273 1,267 5,000

efforL that may be needed to fulfill the remora al fish catch per region (n=10-20) requirement ~mticipated
for this project.
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APPENDIX A. Detailed Budget Funds Renuested from CALFED
Investigator Group: Boat-2 Frontier 1’25’ Whaler w/Cabin’l
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AFPENDIX B.

Curriculum Vitae for Individual Investigators

(alphabetical)
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CURRICULUM VITAE: George Aiken

U.S. Geologlc~l Survey., 3215 Marlne St., 13ould~, CO 80303

Education

Professional experience

Professional societies

Awards and honors

Relevant Publications
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McKaight, D, M,, Aiken, G, R., Andrews, E. D., B~wles, E, C., and Narnish, R, A., 1993, Dissolved erganic

Lakes, W. J. Green, ed., Americ~ Geophysical Unite Monegraph, vol. 59, 119 133

Aiken, G. R. and Leenheer, J. A., 1993, Isolation and ch~acteri~tien of dissolved ~nd colloidal ~r~nie roarer,

Wershaw, R. L,, Aiken, G, R, Imbfigotta, T. E, and Goldberg, M. C., 1994, Displacement of ~oil ~ wmer by

~p. 1972-1979.

Miller, L. G and Aiken, G. R., 1996, Stable isotope and tritium hydrology of L~e F~xell, Taylor VNley,
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CURRICULUM VITAE: Charles Armor

B ay-D¢lta and Sp¢~;ial Water Projects Division, CA Dept. offish and Game
4001 North Wilson Way, Stockton, CA 95205

(209) 948-7800, Fax: (209) 946-6355, carmor @ de]ta.dfg.ea.gov

Education
M.A. Biological Scietlces, 1976, CaliforniaState University, Chico
B.A. Biologica! Sciet~¢es, 197L, California State UnNersiU, Chico

Pro[essional Experience
Senior Biologist - Supervisor, I991 to present, CA Dept. of Fish and Game, Stockton. CA
Associate Fishery/Marine Biologist’ 1985-1991. CA Dept. of Fish and Game, Stockton, CA
Biologist, Fishery/Marine, 1980-1985, CA Dept. of Fish and Game, Stockton, CA
Water Quality Biologist. 197% 1979. CA Dept. offish and Game, L~g Beach, CA

Research Interests

Memberships
American Fisheries Society 1980 presenl

Relevant Publications
Jassby, A. D,, W. L Kimmerer, S. G. Monlsmith. C. Armor, L E. Eloecn, T. M. Powell. L R. Sehubel and T. J.

289.

Resources Control Boar~ 1992 Water Qualiu/Water R]ghrs ~roeeedings oa the San Francisco B~y and
SacratnenLo-San Joaqui~ Delta. 97 pp.

Francisco Bay fish and invertebrates, 1980-1985. Exhibit 60, entered for the State Water Resources Control

Del~a, 345 pp.

Armor, C. and F. L. Hei’rgcsell. 1985. Dis~bution and abundance of fishes in the San Francisco Bay estuary
between 1980 and 1982. Hydrobiotogia 129:211 227

I --002305
1-002305



CURRICULUM VITAE: Robin M. Bouse

U.S. Geological Survey, 345 Middle~eld Rd., MS 465, Menlo Park, CA 94025
Ph~r~e: (415) 329-d,~4g, FAX (415) 329-4463, rmb~use@usg~.gov

Edu~eation
University of ~zona, Tucson ~, Ph.D. in Geosciences, 1995
University of Rhode Island~ Kingston, RI, M.S. in Geolo~, 1988
~ke University, Durh~, NC, B.S. in Geology, 1981

Professional Experience
Physical Scientist, USG$, Water Reso~ces Division, Menlo P~k, CA, 19~ to p~sent
Geochemist, Branch of lgoto~ Geology, USGS, Geolo~e Division~ Menlo P~k, CA, 1990-1993
~ologist, B~nch of Atlantic M~ne Geology, USG$, Geologic Division, Wo~s Hole, MA. 1986-1990
Physioa/Science Technician, Branch of Pacific M~ne Geolo~, USGS, Geologic Division, Menlo P~k,

CA, i981-1986

Memberships in Professional Societies

Geological S~iety of America, 19~ to present

Relevant Publications
Bouse, R. M., Hom~rger, M. L, a~d Luoma, S. N., 1996, Sr ~d Nd compositions and ~ace element concen~afions

in San Francisco Bhy cores distinguish sediment deposited from hy~lie gola-m[aia g and mercu~
mining: (Abs~act) Eos, T~an~actions. A~etican Geophysical Union 1996 F~I Meeting, v. 77~ p. 201.

Bouse, R, M., Ho~berger, M. I. and Luoma, S. N. 1996, Geochemical sign~tar~ from mercu~ m~ning and
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CURRICULUM VITAE: JAMES E. CLOERN

U.S. Geological Survey, MS 496. 345 Middlefield Rd., Menlo P~k, CA 94025
telephone: 415-329 4594, FAX: 415-329-4327, email: jecl~ern@usg~.g~v

Education
University of Wiseonsth-Madison, B S 1970, Zoology
University of Wisconsin-Milwaukee, M.S. 1973, Zoology
Washington State University, Ph.D. 1976, Zoology

Research and Professional Experience
1976-present Research Scientist, U.S. Geological Surcey, Menlo Park, CA
1997 Lecturer, University of Catifomi~Santa Cruz
1997 Consulting Professor, S~nford Univcrsiiy
1993 1994 Direeteur de Recherche, Umversit~ d’Aix-Marsei!le, Frzmce

Research Interests
Ecology at~d biogeochemistry of estuaries and lake~, with focus on phytoplankton. Teara leader era 2~,year
investigation ef San Francisco Bay that has incIuded study/measurement of: primary lxod ucfien, algal and
zooplankton communfiy dynamics, net ecosystem metabolism, the carbon budget, light and nu~’ient limltation
of algal growth, grazing by benthic suspension feeders, disturb~ce by introduced species, impacts of
cllmafie/hy~rologie variabdlty, phyteptankton blo~ra dynamics, biogeochemieal significance of algal blooms,
benthic and pelagi~ nu~ent regeneration, use o f stable isotopes and lipid bioma~kers to characterize so~rees of
organic matter, vafability at time scales from hours to decades and spatial scales from meters to kilometers.

Highlights
Steering Committee, 1997 Aqualic Sciences Meeting, Santa Fe
Fulbright Research Scholar, 1993-94 (Centre d’Ocfanologie de M~sei[le)
U.S. Department of Interior Meritorious Service Award, 1991
Editorial B~ard, Limnology and Oceanography, 1989-1992
Associate Editor. Estuaries, 1989-1994
Program Cbair, 1991 g~tuarine Research Federati~ta Meeting, San Francisco
National Science Foundation Advisory Panels for Ocean Sciences Research. 1988, 1992

Relevant Publications
CIoern, J.E., 1991, Tidal stirring and phytoplankton bloom dynamics th an estuary’: Journal o f Marine Research, v.
49, [9. 203-22I.

Alpine, A,E., and Cloera, J.E., 1992, Trophic interactions and direct physical effects control phytoplankton biomass
and production in an estuary: Lim~aology and Oceanography, v. 37, p. 946-955.

Jassby, AD., Cla~rn, ,I.E., and Powall, T.M., 1993, Organic carbon sources and sinks in San Francisco Bay:
variability induced by fiver flow: Marine Ecology Progress Seres, v. 95. p, 39-54.

Car~uel, E,A., CI,aeru, I.E., Ringelberg. D.. Guckert. I., and Rau, G., 1995, M~teculax ard isotopic tracers used to
under,laud sources of organic matter and trophie relationshlps in the San Francisco Bay estuary: Limaology and
Ocearmgraphy, v. 40, p. 67-8L

Cloern, J,E.. 1996 Phytoplankton bloom dynamics in coa~tal ecosystems: A review with some general lessons from
su~ined investigation of San Francisco Bay. California: Reviews ~f Geophysics, VoL 34, No. 2. p. 127-168.

.l~sby, A.D., C~le. B.E., and Cloern, ,I.E., 1997. Towards the design of sampling ne~wcrks for chaxact~ fizing water
quality change in estuaries: Estuarine, Coastal and ShcIf Science (in press).
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CURRICULUM VITAE: Carol Kendall

United States Geological Survey, 345 Middlefield Road. Menlo Park, CA 94025

Education

M.S.. Geology, 1976, University of California, Riverside
B.S., Geology, 1973. University of California, Riverside

Professional Experience
1990 to Present: Project Chief: Isotope tracers of hydrologic and biogeochemic~ processes, USGS. WRD,

Menlo Pa~k, CA.
19g0-1990: Research Hydrologist in Isntope Fractionation P;’oj~ct, USGS.WRD, Reston. VA.
1976 1979: Geochemist at the Dep~lmen; of Geology, California I~ttuta of Technology.

Research Interests
watershed biogeochemlstry, h-acing s~urces of nutrients and pollutan~ using stable isotopic methods,

Memberships
AGU (I 985-present; member of Water Qualily Committee, 199 I-present; Chair, 1995-1997)

Relevant Publications
Kendall, C., Mast, A.M., and Ri=e, K.C., 1992, Tracing watershed weathering reactions with Delta C-13,

Kh~raka, Y.K., and Maesl, A.S. (cds), Proceedings of the 7th International Symposium on Water-Rock
Interactions, Park City, Utah, July 13-i [~, 1992. p. 569-572.

Kendall, C. and McDonnell, J J, 1993, Effect nf intrastorm heterogeneities~f rainfall, soil water and groundwater

#215, July 11-23, 1993. Y~kohama, ~apan, p. 41-49.

hydrcflogy of ground-water,lake systems, In: Bake~, L.A. (ed.) Environmental Chemistry ef Lakes and
Reservoirs, American Chemical Society Advances in Chemistry Seres #’237, p, 67-90,

July 1 I-!2, 1995. Boulder, CO, p. 339-347,

Kendall, C.. Sk~ash, M.G., and B~Ilen, T.D., 1995, Isotope tracers of waters and selute sources in catchments. In:
Trudgill, ST., (ed). Solute Modeling in Catchment Systems, Chapter I0. John Wiley, p. 261-~03.

Bullen, T.D., Krabbenhofi, D.P., and Kendall, C., 1996, Kinetic and mineralogic controls on the evolution ~f

Bullen, T.D.. and Kendall, C., Tracing wea~hefng reactions and water flo~.vpaths: a multi-isotope approach. In:

50 pp.. (in press).
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CURRICULUM VITAE: David P. Krabbenhoft

Education

Professional Experience

1993 to October I996.

Memberships

Relevant Publications
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CURRICULUM VITAE: James S. Kuwabara

U.S, Geological Survey, 345 Middlefield Road, MS 439, Menlo Park, CA 94025
Phone: (415) 329 4485, Fax: (415) 329 4463, kuwabara@us~.gov

Education
Ph.D. Environmental Engineering Science, 1980, C~-[ifornia In~;ti~te of Technolog)’, P~sadena, CA
M.$. Environmental Engineering Science, 1T/6, California Institute of Technology, Pasadena, CA
B.S. Civil Engineering, 1975, University of Hawaii, Honolulu, HI

Professional Experience

NRC Postd~c, 1980-1982, U.S. Geological Survey, Menlo Park, CA

Research Interests
trace metal speciatio~ and toxicity; proce~s-thterdepende nt solute ~anspon models

Memberships

Phy¢ologic~ Society of America (1980-present)

Relevant Publications

San Francisco, p. 157-172.

Caffrey, J., Hammond, D., Kuwabara, J. Miller, L. and TwilIey, R., 1996, Benthic processes in San Francisco Bay:
the role of organic inputs and bioturbation, in Hollibaugh, J.T., ed., San Francisco Bay - th~ Ecosystem: Amerlcarl

Kuwabara, J.S., Hunter, Y.R. and Chang, C.C.Y., 1996, Distrthutions and benthic flux o f dlssolved sulfides in the

Survey Toxic Substances Hydrology Program -- Proceedings of the Technical Meeting, Colorado Springs, Colorado,

Wood, T.M. Baptista, A.M., Kuwabara, J.S. and ~qegai, A.R., 1995, Diagnostic modeling of txace metal
partitioning in south San Francisco Bay: Limnology and Oceanography, v. 40, p. 345-358,

Ounter, Y.R. and Kuwabara, J.S., 1994, Ionic strength and DOC determinations from variou~ freshwater sources to

interdependence : Estuaries, v. 16, p. 383-384.

Kuwabara, J.S. and Luther, G.W., IIL 1993, Dissolved sulfides in the nxic water column of San Francisco Bay,

Kuwahara, J,S. and Harvey, R.W,, 1990, Application of a hollow-fiber tangential-flow devic~ for sampling
suspended bacteria and particles from natural waters: J~urnal nf Environmental Quatity, v. [9, p. 625-629.
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Kuwabara, J.S., Chang, C.C,Y,, Clocrn, LE.. Fries, T.L., Davis. LA. and Luoma, S.N.. 1989, Trace metal
a~so.’iations in the water column of South San Francisco Bay, California: Estuarine Coastal and Shelf Science, v. 26,
p. 307-325.

Chang, C.C.Y., Davis, J.A. and Kuwabara, J.S., 1987. Adsorption of Zrt(lI) onto TiO in defined media with low
suspended particle concentrations: Estuarine Coa~ta! and Shclf Science, v. 24, p. 419-424.
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CURRICULUM VITAE: Lee, Byeong-Gweon

USGS, WRD, MS 465, 345 Middle field gd. Menlo Park, CA94025

Education
Ph.D. Co~ztal Oceanography, 1993; Stat~ University of New York (SUHY), Stony Br~k
M.S. Marine Environmental Science Program, 1990; SUNY, Stony Brook, NY

Professional Experience

Research Interests
Trace metal biogeochemistry, bioaecumulation and trophie transfer of metals

Memberships
American Society of Limnology and Oceanography, 1990- present
American Geophysical Union, 1994-present
American Chemical Society, 1996-present

Relevant Publications
Lee, B.-G. and N. Fisher. 1992. Degradation and elemental release rates from phytoplankton debris arid their

geochemical implicatiogs. Limnc~l. Oceanogr. 37: 1345-1360.

Lee, B.-G. and N. Fisher. 1992. Decomposhion and release of elements from zuoplankton de bris. Mar. Ecol. Frog.
Set. 88:117-128

Le~:, B.-G. and N. Fisher 1993. Releoze rates of ~race elements and protein from decomposing planktonic debris. 1.

Lee, B.-G. and N. Fisher 1993. Mierobially mediated cobalt oxidztion in seawater revealed by radiotracer
experiments. Lim~ol. Oceanogr. 38: 1593-1602.

Lee, B.-G. and N. Fisher. 1994. Effec~ cf sinking and zt~oplankten grazing on the release of©lements from
decomposing planktonic debris. Mar Ecol. Frog. Ser. I10: 27I 281.

Wang, W.-X., J.R. Reinfelder, B.-G. Lee, and N.S. Fisher. 1996. Agsimilation and regeneration of trace elements by
marine eopepods. Limnoh Oceanogr. 41:70-81.

Luoma, SN., A. van Geen, B.-G. Lee, and I.E. Cloern. st~bmittd. Metal uptake by phytoplankton during a bloom in
south San Francisco Bay: Implications for metal cycling in estuaries. Limnol. Oceanogr.

Lee, B.-G, and S.N. Luoma. submitted. Bioavailabdity of Cd, Cr, ~.nd Zn to b[~’al,~es in south Sar~ Francisco Bay+
Limnol. Oceanogr.
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CURRICULUM VITAE: SAMUEL N. LUOMA

US Gcologlcal Survey, MS465. 345 Middlefie[d Road, Menlo P~rk, CA 94025

Highest Education

Recent Professional Experience
1976 - , ProJeCt Chief, Water Resources Division, US Geological Survey, Menlo Park. CA

1992 - , Senior Resean:h Hydrologist (ST-3 I0~-1 ) USGS, WRD, Menlo Park, CA

Research Interests
Trace el ement bioavailability, trophic transfer and effects in estuaries. SF Bay Ecosystem studies.

Recent Selected Experience

i992- USEPA Science Adv[zory B~ard Subcommitlee on Sediment Quality Criteria

1994- Chair. Science Advisory Group, Interagency Ecological Studies Program. S FBay
1994- Chair. Science Advisory Committee, Water Res. Div,, lJSGS/Senior Staff, WRD, USGS

Invited Participation

MacmfllanPublishing Co.

Selected Recent Publication

567 573.

Luoma, S, N., 1989. Can we determine the biological availability of sediment-bound trace elements? Hydroblol~gia

Luoma, S. N., C. Johns, N. S. Fisher, N. A. Steinberg, R. S Oremland, and J. ReiMelder. 1992, Determination of
selenium hioavailability to ~ benthic bivalve from pariicalate and solute padiways: Environ~ Sci, TgchnoL
26:485 - 49 I.

Luoma, S. N. and Carter, J. L. 1993. Understanding the toxicity of contaminants in sediments: beyond the bioassay-
b~ed paradigm. Environ. ToxicoL Chem. 12: 793-796.

I --002314
1-002314



Luonm, S. N. 1995. Limitations to applications of bioassays and toxicity tests, Review invited by the lnteraauonaI
Union of Pure and Applied Chem~za3’, p. 610 - 659 ~n "Metal Spec~ation and Bioava~lability" (A. Tessier &
D. Turner, eds.), ]’ohn Wiley & Sons Press, London.

Wang, W.-X., Fisher, N. S. and S. N. Luoraa, 1996 Kinetic determinations of ~rac~ element bioaccumulatlon in the
mussel Mytilus eduliz. Mar, Ecol. Prog. Series 140:91 - 113.

Luoma, S, N. and Fisher, N. S, Unee~,aintie~ in nszeszing ¢ontamirtant exposures from ¢oaumfinated sedimenls.
Ecological Rip, Assessments of Conzamlnated Sediments, C. lr~g~rsoll, G. Biddinger, T. Dillon
SETAC Press, Pensacola (it~ press).

Luoma. S. N., 1996. The developing framework of marine ecotoxico!ob~’: Pollutants as a variable in marine
ecosystems? .L Exptl. Mar. liioL EcoL 200: 29-55.

Overall approximately 110 publicatior~ in peer reviewed literature.
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CURRICULUM VITAE: Thomas W. May

USGS, Biolugical Resources Division, Midwest Science Center, 4200 New [lav~n Road, Columbia, MO 65201.

Education

Professional Experience

Memberships

Relevant Publications
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CURRICULUM VITAE: Mark C. Marvin-DiPasquale

U.S. Geological Survey, 345 Middlefield Rd., MS 480, Menlo Park, CA 94025
Phone: (415)-399.4442, Fax: (415)-329-4463, mma~vin @usgs, gov

Education
Mo~o¢ Community Colleg¢, Rochester, NY. I982-85. A.S., Chemistry.
State University of N.Y., Stony Brook, NY. 1985-87. B.S., Chemistry.
University of M~%,land, Chesape~ak¢ Biotogieal Lahor~tory, So~omoas, MD. 1987-95. Ph.D., Marine and

testu;afine Env~’onmerttal Sciences. Reset’oh Focus: Marine Microbial Ecology

Honors
Gloria Glass Scholarship, Monroe Community College. 1984
Chesapeake Bay Yachts Club Associahon Graduate Award, Unlv. Maryland. 1988.
Senatorial Scholarship, Univ. M~yland. I989-93.
Chesapeake Biological Lab Graduate Student Fellowship, Univ, Maryland. 1990-92.
Amer, Soc. Microbtol., R.W. Saber Fellowship Award, 1993.

Professional Experience
Und~rgraduat~ Laboratory Technician, Monr~ Comm. Coll., 1983-85.
Graduate geseazch Assish~JaL Univ. of Mzryla~O’CBL, 1987-1995.
National Research Council Asz~ciate, USGS, Menlo Park, CA, 1995-present.

Research Interests
aquatic microbial ecology, biogeochemigtry ogesmafies, mercury biogeochemistry

Memberships
American Chemical Society (1988-present)
American Society ~f Lim~ology and Oceanography (!989-present)
Oceano~aphy S~ciety (1989-present)

Relevant Publications
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CURR!CULUM VITAE: Laurence G. Miller

U.,S. Geological Survey, MS 465,345 Middlefield Rd., Menlo Park, CA 94025
Phone: (415)329-4475, Fax: (415)329-4463, LGMJLLER @USGS.GOV

Education
MS, Geological Sciences, University of Southern Califonia, Los Angeles
BS, Marine Science, Southampton College. Southampton, NY

Professional Experience

Oceanographer, 3 yr., University of Washington

Research Interests
Microbial Biogeochemistry. Trace Oase~, S~able Isotope Geochemistry

Memberships
AAAS 18yrs, AGU 13 yrs, ACS Geochemistry Division I I yrs

Relevant Publications

LT. Hollibaugh. AAA$.

Caffrey J.M. and Miller, L.G. 1995, A comparison of two nitrifiacatt~n inhibitors used to measure nitfiEcatlon rates
in estuarine sediments. FEMS Mibrobiol. Ecol. 17, 213-220.

Oremland, R. S., Miller, L.G., D~wdle, p. Conaell, T. And Barkay, T 1995. Methylmercury oxidative degradation
potentials in contaminated and pristine sedimenLs of the Carson River, Nevada. Appl. Environm

Oremland, R.S.. Miller, L.G., and $~rohmaier, F. E. 1994. Degradation of methyl bromide in anaerobic sediments.
Wnv. Sci. & Technol., 28, 514-520.

Miller, LG., Coutlakis, M.D., Oremland, R.S., and Ward, BB. 1993, Selective inhibition o~" anunonium oxidation
and nitrification-lthked N20 formation by methyl fluoride and dimethyl ether. Appl. En’,-imnm. Microbiol.,
59, 2457-2464.

Kiene, R.P., Oremland, R.S., Catena, A., Mill~r, L.G,, and Calzone, D.G. I986. Metabolism of reduced methylated

Environm. Microbiol,, 52, 1037-1045.

W., artd Hager, S.W. I985. Benthic fluxes in San Francisco Bay. Hydrobiologia, 19, 69-90.
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CURRICULUM VITAE: Ronald S. Oremland

USGS, Water Resources Division, MS 480, 345 Middlefield Road, Menlo Park. CA 94025
Phone: (4 t5) 329-4482; Fax: (415) 329-4463; roreml~,a @ usgs.gov

Education
PhD. 1976. Marine Microbiolngy. Rosensliel School of Marine & Atmospheric Sciences
University of Miami. Florida
BS, 1968, Biology. Rensselaer Polytechnic Institute. Troy. NY

Professional Experience
Prc~ject Chief. Microbial Biogeochemislzy. USGS. Menlo Park, CA, 20 years
National Research C~uneil Postdoctoral Associate. NASA Ames Rese~ch Center, Moffett Field, CA (1 year)
US Naval Reserve. Active duty. 1969 - 1971. salvage & diving officer, USS Utina

ResearCh Interests
microbial biogeochetalstry, redox reactions and methytationidemethylad~n studies ~n selenium, ~nic, and
mercury; formation and destruction of greenhouse gases like methane and o~er hydrocarbons, haloearbons, and

Memberships

American Geophysical Union

Relevant Publications
Orendand, R.$, and JP. Zehr. 1986 Formation of methane and carbon dioxide from dimethyl selenide in ano~tic

with ceil susperlsions and estua~n~ ~ediraen~. Appl. Envirr~m Microbiok 53:1365 - 1369.

Oremland, R.S., N.A. Steinberg. A.S. M~est, L.O. Miller, and J.T. Hollibaugh. 1990. Measurement of in sire rates

Dubrovsky, N.M., LM. Nell, R. Fuji, R.S. Oremlanth and LT. Hollibaugh. 1990. Influence of rcdox potential on
selenium diswibution in ground water, Mendota, Weste~m San Joaquin Valley, California. USGS Open File Report
90-138. Sacra~mento, CA.

tyl~s. Appl. Environ. Mieroblo[. 56:3550 3557.
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Orendand, R.S., C.W. Culbertson, aud MR Winfrey. 1991. Methyl mercury decomposition in sediments and
bacterial ealtures: Involvement of methanogens and salfate reducers in oxidative demethylation. Appl. Environ.
Microbiol. 57:130 - 137.

Luom~. S.N., C. Johns, N.S. Fischer, N.A. Steinberg, R.~. Oremland, and J.R. Rethfelder, 1992. Detgrmtha~ion of
selenlum bioavailabiliry to a benthic bivalve from particular~ and solute pathways. Env. $ci. Teehnol. 26:485 - 491.

Selenium in the Environment, W.T. Frankenberger, Jr. and S. Bel~son (eds.), Marcel Dekker, NY.

Oremland, R.S., J. Switzer Blum, C.W. Culbertson, P.T. Visgeher, L.G. Milter, P. Dowdlg, arid F.E. Strohmaier.
1994.1~ olatthn, growth a~d metabolism of an ohligately ~naerob~e, seIenate respi~ng bacterium, strain $ES-3. Appl.
Environ. Microbiol. 60:3011 - 3019.

Oremland, R.S.. L.G. Miller, P. Dowdle, T. Conaell, and T. B~kay. 1995. Methylmereury oxidative degradation
potentials in co~tan~inated and pristine sediments of the Carson River, Nevada. Appl. Environ. Microbiol. 61:2745 -
2753.

Laver/nan, A.M ¯ J. Switzer Blt~m, J.K. Schaefer, E.J. Philips, D.R. Lovley, and R.S. Oremland. 1995. Growth of

Dowdle. P.R, A.M. Laverman, ~ad R.S. O~ml~.nd. 1996. B ~¢~erial dis~imilato~,
(I1/) in anoxic sedimenta. Appl. Environ. Microhio]. 62:1664 - 1669.

Stolz, J.F., T. Gugliuzza, J. Switzer Blum, R. Oremland, and F.M. Mu rillo. 1997. Differential ~xpression of

Over 85 peer-revlewed papers published
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CURRICULU3,1 VITAE: Michael K. Saiki

U~GS, Biological Rc~our ees Divtsioe, Northwest Biological Science Cent ~ixon Duty Station,
6924 Tremont Road,Dixon, CA 95620.

Pitone: (916) 756-1946 X617, Fax: (916) 678.5039,michael_sa~ki@u~gs.gov

Education
Ph.D., Biology, 1976, Uaivt~ity of Arlzona, Tucson.
M.S., Fisher7 Biology, 1973, Unlver~ity of Axizona, Tucson.

Professional Experience
Fishe~3’ BinlogJst (Re~earch), ~r, USGS-BRD,Dixon, CA.

Research Interests

relation of water quaI~ty and oth~- environmental variables to fish di~tributioa and abundance, and life hi~ tory
and ecology o f fish.

Memberships
American Fisheries Society (197S-present).

Relevant Publications
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NONDISORIM|NATION GOMPLIANCE STATEMENT     "

CERTt#ICATtON

l, t~ official named below, hereby swear that I ~n duly aurhorizgd to legalty bind zhe pro~ective
contractor :o the above described cerrificaF, on. .z ~rn fully aware tha~ this certification, ~ec~ed on the

date and in the county below, is made undgr penalty of perjury u~er the laws of the State of Californ~
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DEPARTMENT OF FISH AND GAME:
B~y-l~lm az~d Sl~;iaI "~,’s;er Proj~’¢s

(~) ~-~

Ju!y 24, 1997

Mark Marvi~-~quale
U.S. Geological Sm’vey
345 Middhfield Road
Bldg, #15, MS 480
Mealo Park, California 94025

Dear Mr. Ma.rvin-DiP~qua/¢:

The Iaterageacy Ecological Program (IEp) via t~e Delta OuttIow/Sa~a Fr~.aciseo Bay
Study will provide fish and macro invertebrate samples to the U.S, Geological Survey San
Francisco Bay Mercury Project. These sample~ will consist of specimens collected as a norma!
part of the IEP Delta OutflnwlSan Francisco Bay Study montlfly sampling program, If this
~anzpling were done as a separate sampling effort the cost would be $32,000. It is antkipazed
¯ at the routine sampling ~511 yield al~ the speci.me~ needed for aazlysis. Since ~ere is no
::uanntee that the m~mhly zzmpl~.g program will collea all r.be sI~eime~ n~eded, azldilie~,l
sampling may be required. To cover this conthagency, the Bay-Delt~ and Special Water
Projects Division of the CaIiforaJa Depaz-tmem offish and Game is requesting $5,000 to cover
any additional ~ampling.

Sbacerely,

Charles Armor
Seaior Biologist
Bay-Delta ~d Special Water

Proj ecu~ Division
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UNIVERSITY OF CALIFORNIA, DA",qS

23 July 1997

Dr. Mark Marvin DiPasquale
U.S. Geological Survey
Water Resource Division
Bldg. 15, MS-480
345 Middlefield Rd.
Menlo Park, CA 94025

Dear Dr, Marvin-DiPasqualc,

We are pleased to state our strong interest in collaborating with you on your proposed project to
CALFED (The Status of Mercury as a Stressor to Habitats and Species of the San Francisco Bay-Delta
Ecosystem). Your project will be highly complementary with one that we are submitting on mercury
loading to the Bay-Delta (The Role of Upstream Mercury Loading and Speciation on Localized and
Downstream Bioaccumulation: A Regional Assessment of Sources and Fates of Mercttry Throughota the
Bay-Deha Waterrhed) by Suchanek :rod Slotton et al.. We feel that the complementary nature of our
collective studies will yield extremely valuable infomlation on the sources of bioavailable mercury from
upper watershed regions (our U.C. Davis studies) and the fate of that mercury once it reaches the Bay-
Delta system (your U.S.G.S. studies).

In terms of specific areas of collaboration, we have identified two topic areas that we feel would benefit
the most from our combined efforts. First, if existing U.S.G.S. cores do not sufficiently provide an
accurate depositional history of mercury within Bay-Delta sediments, we are prepared to analyze
additional sediment cores to provide those data. Second, in terms of understanding mercury cycling and
contamination within the Bay-Delta, your detailed studies involving metbyladon processes would be
extremely useful in interpreting the results of methyl mercury production in our core tube microcosms,
allowing the development of more specific options for remediation.

Should both of our projects receiving funding, we are anxious to enter into a collaborative arrangement
with your U.S.G.S. group. We feel that the combination of talents within our two groups will result in a
synergy that will yield invaluable insights into the cycling of mercury within the Bay-Delta system and
ultimately improve the water quality of this impacted ecosystem.

Most sincerely,

Tom Suchanek

Darell Slotton

U.C. Davis Mercury Group

I --002325
1-002325


