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EXECUTIVE SUMMARY

Ecosystem restoration efforts often modify the physical and chemical conditions in an
environment so as to alter the bioavaiiability of contaminants in the sysiem. Flooding of
agricultural lands (o create wetland habitat can remobilize soil-bound pesticides or heavy metals,
Changes in the input of organic matter, as might accompany water flow or land use changes
through ecosystem resloration, would alter the bicavailability of contaminants capable of
chemically interacting with organic carbon. For example, bicavailability of methylmercury is
highly dependent upon the concentration of organic carbon, and restoration efforts that reduce
organic input could have the unintended consequence of increasing mercury bioavailability. In
countless restoration scenarios, there is a need to quantify contaminant bioavailability and the effect
of habitat modifications on this parameter in order to protect the very species on which restoration
aclivilies are focused. : '

We propose a novel approach lo measure the bicavailability of sediment-associated
contaminants that can be used in support of ecosystem restoration actions. Itis generally accepted
that chemical measures of contaminant concentration provide environmental managers little useful

information on contaminant bicavailability simply because the exotic solvents used in conventional |

chemical analyses extract far more of the contaminant than bicta are capable of accumulating.
Therefore we employ digestive fluid, and ultumately a synthetic equivalent of that fluid, as a
biologically relevant extractant. The sediments of convern arc incubaled in vitro in the (Tuid, and
the proportion of contaminant extractable is a measure of bioavailability. Our work over the past
few years has shown that the digestive fluid assay is far superior to conventional chemical analysis
" in predicting bioavailability, and even has significant advantages over whole animal
bicaccumulation testing because of the broad range of environmental conditions over which it can
be employed. The Environmental Protection Agency has funded us in a multi-year effort to
develop the technique for polynuclear aromatic hydrocarbon assessment, and we have found the
digestive fluid approach to give results comparable to more traditional measures of bicavailability. -
The U.S, Navy has supported the work for assessment purposes at naval bases with a wide range
of organic and heavy metat contaminants, and in these tests the digestive fluid approach proved an
excellent predictor of heavy metal bivavailability toa clam. Finally, we have used the technique to
measure the bicavailability of methylmercury to amphipads, and found a high degree of correlation
between methylmercury extraction by digesiive [Tuid and bicaccumulation by amphipods. All these
recent studies have demonstrated thar the technique can provide a measure of bicavailability with
many significant advantages over current lechniques, and thal 1t is applicable to the types of
contaminants of concern to CALFED and its member agencies.

We propose to demonstrate the utility of this technique in quantilying the bioavailability of
sediment-associated mercury and selenium, iwo elements of considerable concern in the San
Francisco Bay Delta and its tributaries. The digestive fluid we will be using in the initial tasks is
from the white sturgeon. This species was chosen because of the availability of farmed animals,
but sturgeon in general are known to ingest substantial amounts of sediment during feeding, are
suspected to be at risk in San Francisco Bay because of high tissue selenium levels, and are of
general concern becanse of the recreational fishing in the Bay-Delta which it supports. Our
studies, however, are not sturgeon-limited, for we have substantial datg that will allow
extrapolation 1o ather species, and ultimately we will develop a synthetic digestive fluid for use in
sediment assessment that wilt be modelled afl'ter {luids {rom multiple sediment-ingesting species,

We propose a iwo year laboratory effort to develop the approach for assessment of mercury
and selenium bicavailability, followed by a field demonstration in the third year in collaboration
with on-going CALFED-supported studics where bioavailability questions are critical.

+ Task 1 - We will establish the extent of mercury and selenium desorpticn from sediments when
those sediments are incubated in digestive fluid, and determine which sedimentary variables
such as organic content control the extent of solubilization, This work will lead toan
understanding of the environmental factors influencing mercury and selenium bioavailability,
and how this bioavailabilily depends upon the chemical species in which the element is found.
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We will also establish the range of bioavailability typically encountered in the San Francisco
Bay watershed. Cur past work with the technique has demonstrated that only a small fraction
of the mercury and selenium which are chemically quantifiable is actually available to biota
{i.e., < 10% of the inorganic mercury, <50% of the organic mercury, and <20% of the
inorganic selenium). We will also evaluate the utility of the in vitro extraction in mimicking in
vivo digestive solubilization of contaminants,

Task 2 - Bioaccumulation is a two-step process involving digestive solubilization followed by
absorption of the contaminant across the gut wall. The digestive solubilization technique
incarporates only the first step, thus itis necessary to explictly test the presumption that all ar
nearly all the solubilized contaminant is subsequently absorbed. Work to date with other
contaminants suggesis that solubilization is the indeed the rate limiting step, but we need to
explicitly test this hypothesis for mercury and selenivm. Digestive absorption of these
substances (both organic and inorganic forms) will be measured in both whole sturgeon and
alsoin perfused gut preparations. We will also examine how mercury and selenium
competitivel y interact with one ancther in solubilization and absorption processes.

Task 3 - Use of sturgean digestive fluid for contaminant extraction is an essential initial step,
but broad adoption of a digestive fluid approach to measuring bioavailabilty will require a more
readily available surrogate. For example, work in our lab has shown that commercially-
available bovine serum albumin is an excellent mimic of invertebrate digestive fluid in
estimating copper bioavailability. In Task 3 we will initially study the mechanisms underlying
digestive solubilization of mercury and selenium. The results from the golubilization
mechanism work will enable us to design synthetic cocktails that contain the relevant
solubilizing agents. These agents might take the form of enzymes, inert proteins, or other
chemicals/biochemicals found to piay a role in gut dissolution of mercury and selenium,

Task 4 - CALFED is currenlly funding a study of mercury in restored wetlands, and an
important camponent of this project is how time since flooding and other environmental
conditions affect bivavailability of sedimentary mercury. In the on-going CALFED swudy
bicavailability is being quantified by bicaccumulation in resident fish and invertebrates. In
Task 4 we will assess mercury bioavailability by in vitro digestive fluid extraction, using both
sturgeon digestive fluid and the synthetic mimic, and compare results to the resident organism
bioaccumulation data. The intent of Task 4 and Task 5 below is to demonstrate application of
the digestive fluid technology in an environmental restoration context.

Task 5 - CALFED is currently funding development of an Algal-Bacteria Selenium Removal
(ABSR) system 10 remove selenium from agriculivral drainwater. The selcnium removed from
these wastewalers accumulates in sludges at the bottom of anaerobic ponds, and ultimately
there will be a need to dispose of these selenium-rich sludges. Digestive fluid extraction
techniques provide a means to assess the bioavailability of selenium from this material in order
to guide sludge management decisions. Of particular interest is how transfer of the sludges
from their current anaerobic environment Lo an aerobic environment might affect selenium
bioavailability, and we will asscss this with both sturgeon and synthetic digestive fluids.

All three co-investigators have worked and published extensively on this new technology

for assessment of contaminant bicavailability. Its utility has been demonstrated for other
conlaminants, and we believe it has great potential for mercury and selenium as well. [t could, in
fact, be applied to any othet sediment-bound contaminant including hydrophobic pesticides and
other trace metals. We believe it offers some significant advaniages (o othet measures of
bioavailability being used by CALFED and many other resource management agencies, and the
proposed laboratury development followed by field demonstration of its merits should provide the
basis for integraticn of the approach into environmental restoration,
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PROJECT DESCRIPTION

Assessing contaminant bioavailability is important to measuring the success of restoration
and avoid harming the very species which the restoration is intended to enhance. Assessments of
environmenlal quality have generally refied on chemical characterization of contaminant
concentration or biological measurcs of bioavailability, but both approaches have significant
shortcomings (discussed below). We have been developing a technique to measure bioavailability
of particle-bound contaminants by incubating the sediment in vitro with the digestive fluid of
deposit-feeding invertebrates and measuring the amount of contaminant that is solubilized in the
fluid. The approach mimics the digestive environment that a contaminated particle would
encounter as it transits an organism's gastrointestinal tract . Our work has shown that the
bicavailable fraction is almost always less than half of the contaminant measurable by conventional
chemical means, and in many instances may be only a few percent of the chemically quantifiable
contaminant. The approach has been used to make contributions in understanding bicavailability
of PAH and certain metals (Table 1), and we have shown the technique to be an excellent predictor
of mercury uptake by a benthic inveriebrate (Lawrence el al., in press).

We propose 1o develop the digestive fluid extraction technigue to measure how restoration
activities affect contaminant biocavailability. We will focus on mercury (Hg) and selenium (Se),
two substances of concern in the Bay-Delta system and of particular interest to CALFED. [tis well
documented that the diet is the dominant source for bicaccumulation of both Hg and Se (Phillips
and Buhler, 1978; Luoma, et al., 1992; Hall et al., 1997}, and thus it is important to use a
bioavailability assay based on digestive desorption of the contaminants from food particles. Our
proposed research plan utilizes the digestive fluid solubilization approach to achieve the following
objectives, each of which is described as a specific task below:

1) Assess the bioavailablity of various organic and inorganic forms of Hg and Se in the diet with
respect to their retative extents of solubilization within the gut environment: and determine the
effect of sediment properties (e.g., TOC, AVS, redox status, iron content, grain size) in
reducing or enhancing Hg and Se bioavailability,

2} Determine the digeslive absorption of various organic and inorganic forms of Hg and Se, and
establish if digestive solubilization alone is a good predictor of absorption potential;

3) Develop a synthetic extractanl that simulaies the chemistry of the gut environment, to estimate
the bicavailability of particle-hound contaminants to demersai-feeding fishes.

4) Testand demonstrate the utility of the digestive fluid approach in twe on-going CALFED-
funded projects in which assessment of Hg or Se bioavailability is crucial.

- Di iy ilization: Given that digestion is 4 dominant route for Hg/Se uptake, it
foilows that digestive solubilization will control organismal exposure. Any predictive
understanding of bicaccumulation must examine factors that control digestive solubilization. The
principal tool we will use for these studies is digestive luid solubilization in which the sedimentis
incubated in vitro in digestive fluid cxtracted from the organism, and the extent of contaminant
solubilization from the matrix quantified. We will extract digestive fluid from the stomach of white
sturgeon (Acipenser transmontanus), sediment and gut fluid will be incubated together, and then
centrifuged to recover the supernatant which is analyzed for Hg and Se.

For some tasks we will use contaminated field-collecled sediments, but in somc cases we
will spike scdiments with radioactive 203Hg or 75%¢. Use of the radicactive forms allows spiking
at lower concentrations than would be achievable with stable isotopes, and gamma counting can be
done quickly and atlower cost. We have found that spiked and in situ-contaminanted Hg do not
differ in extents of desorption [rom sediment, but we will be aware of potential differences in
experimental design.

We will begin this task with a series of incubations using sturgeon gut fluids and sediments
callected from the Delta, high Se areas of the San Joaquin River and tributaries, and Hg-
contaminated areas in the Sacramento watershed (e.g., Clear Lake, Cache Creek, Davis Creek
Reservoir). A range in sediment characteristics is sought, as well as a range in Hg and Se
concentration and speciation. The species of Hg and Se within these sediments will be quantified
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Table 1. Publicalicns by the co-investigators pertaining to uge of in vitro digestive fluid
cxtraction to measure the bioavailability of selectad contaminants.

Weston, D. and L. Mayer. 1998. In vitro digestive fluid extraction as a measure of the
bicavailability of sediment-associated polycyelic aromatic hydrocarbons: Sources of
variation and implications for partitioning meodels. Environ. Toxicol. Chem. 17:820-829.

Weston, D. and L. Mayer. 1998. Compariscn of in vitro digestive fluid extraction and
traditional in vivo approaches as measures of polycyclic aromatic hydrocarbon
bicavailability from sediments. Environ. Toxicol. Chem. 17:830-840.

MERCURY

Lawrence, A.L. and R.P. Mason. inreview. The effects of organic matter on the
bicavailability of organic and inorganic mercury to the estuarine amphipod Leptocheirus
;. Environ. Sci. Technol.

Lawrence, A.L., K.M. McAloon, R.P. Mason, and L M. Mayer. in press. Intestinal
solubilization of particle-associated organic and inorganic mercury as a measure of
bicavailability to benthic invertebrates. Environ. Sci. Technol.

OTHER TRACE METALS

Chen, Z. and L. Mayer. 1998, Mechanisms of Cu solubilization during deposit-feeding.
Environ, Sci. Technol. 32:770-775.

Chen, Z., and L. Mayer. 1999. Sedimentary metal bivavailability determined by the
digestive constraints of marine deposit fecders: gutretention time and dissolved amino
acids, Mar, Ecol. Prog. Ser. 176:139-151.

Chen, Z. and L.M. Mayer. 1999. Assessment of sedimentary Cu availability: a
companson of biomimetic and AVS approaches. Environ. Sci. Technol.

ORGANIC AND INORGANIC CONTAMINANTS

Mayer, L., Z. Chen, R. Findlay, J. Fang, S. Sampson, L. Scif, P. Jumars, C. QuetEl,
and 0. Donard. 1996. Bioavailability of sedimentary contaminants subject to deposit-
fecder digestion. Environ, Sci. Technol. 30:2641-2645,

Weston, D.W. 1999, Biocavailability of trace metals and organic compounds from
Alameda Point sediments. Report to 1J.8. Navy from Univ. California, Berkeley, CA.

Weston, D.W. 1998, Measuring bioavailability of sediment-associated contaminants.
Interagency Ecological Program {or the Sacramento-San Joaquin Estuary Newsletier
11(3):12-13. :
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(c.g., inorganic and methyl-Hg, sclenate, selenite, organic selenides, elemental Se). In evaluating
these sediments with sturgeon digestive fluid, our primary intent is to test for consistent patterns
(e.g., bicavailability of organic vs. inorganic forms). _

We will do experiments to investigate how the bioavailability (i.e. degree of solubilization)
of sediment-bound Hg and Se changes with organic matter content, AVS, Fe (oxide and sulfide
phases), grain size, and the concentration of potentially "competing" metals (Cu, Cd, Zn), and the
extent of interaction between these variables (e_g., the organic maller/A VS ratio, the AVS/Fe ratio).
Our past work on solubilization of Hg from sediments has shown that matrix effects {e.g., organic
carbon content, AVS) have an important impact on solubilization. Many field studies have shown
that bioavailability of Hg is inversely proportional to sediment organic content {e. g, Langston,
1982; Muhaya et al., 1997). Initially we will lock for correlations between digestive solubilization
and sediment properties among the field-collected material, but eventually we will advance o a
more manipulative approach in which we alter dict properties in order to nbserve the response in
digestive solubilization. To obtain sediments of intermediate characteristics, natural sediments can
be manipulated by the addition of muffled sand, organic matier, or by spiking with other metals.

We will establish if the extent of solubilization abserved in vitro is equal to that observed in
vivo, as found for PAH (Weston and Mayer, 1998). Demonstration of this equivalency with Hg
and Se is important in establishing the environmental relevance of the digestive solubilizalion lasks.
We will perform in vitro extraclion using sturgcon digestive {luid, and also feed gelatin-
encapsulated contaminated sediment to live sturgeon (the encapsulation technique has been used
successfully in nutritional studies: S. Hung, UC Davis, pers. comm.), The fish will then be
sacrificed, their digestive fluid extracted, and Hg and Se concentration in those fluids compared
with concentrations achieved in vitro.

Task 2 - Digestive absorption: Bioaccumulalion is a two-step process of digestive solubilization
foliowed by absorption of the conlaminant across the gut wall. Our solubilization technique
incorporates only the first step, thus we must explicity lest whether all the solubilized contaminant
is subsequently absorbed. As the first step, we will measure the dietary absorption efficiency of
Hg and Se (both organic and inorganic forms) by sturgeon. [tis our expectation from the literature
that absorption efficiencies for the organic forms will be quite high and considerably greater than
those of inorganic Hg or Se (>50% - Phillips and Buhler, 1978; Lock, 1975, Luoma et al., 1992).
Nevertheless, it is important to demonstrate these refative differences for our particular organisms
as a foundation for other absorption tasks which follow.

Several sediments will be spiked with various forms of Hg and Se, and then encapsulated
in gelatin. Prior to spiking the sediment, the matrix will be gamma irradiated to minimize the
potential for any microbial transformation of the intcnded Hg or Se species. The spiked material
will then be provided 1o the test organisims and absorption efficiency measured by whole body
counting following a pulse chase procedure (Decho and Luoma, 1991). When measuring the
amount of Hg absorbed, we will quantify Hg in the gut lining independently from the remainder of
the fish tissue, as it has been shown that inorganic Hg accumulates in the intestinal lining whereas
methyt-Hg rapidly passes across this barrier (Boudou et al., 1991). We will determine agreement
between the proportion of Hg and Se solubilized in an in vitro extraction, and absorption efficiency
by the whole animal. Close agreement would indicate that solubilization and not absorption is the
factor limiting bicavailability, and suggests (hat solubilization alone would predict bioavailability,

To supplement the whole animal measures of absorption, we also plan gut perfusion
experiments to allow more control over factors such as gut fluid composition or gut residence time
than would be possible with the whole animals. We have performed short-term perfusion
experiments to examine the transfer of inorganic Hg and MeHg across a gut membrane. The initial
experiments have been performed with artificial seawater in the perfused gut, which is clearly not
an adequate surrogate for the digestive fluid of fish. We will extend the gui perfusion experiments
to these media and will use the put of sturgeon in perfusion experiments.

We will also examine interactions between Hg and Se during solubilization and absorption.
~ Our preliminary work has shown that the two clernents seem to compele for the same digestive
ligands, such that the extent of solubilization of one melai is dependent upon the concentration of
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the other. By spiking sediments with both Hg and Se we will be able to quantify these
interactions, which could prove to be quite important in the Delta where both Hg and Se can be
present in sediments.

Task 3 - Synthetic cocktail development: Use of sturgeon digestive fluid is an essential step, but
broad adoption of a digestive fluid approach to measuring bicavailabilty will require a broadly
available surrogate. Task 3 will develop a synthetic cocktail based upon the enzymes and
surfactanis naturally present in digestive {luid and important to solubilization of Hg and Se. To
understand solubilization mechanisms, we must first characterize gut fluid biochemisiry. We will
measure pH, low- and high-molecular weight amino acids (TCA precipitation followed by HPLC),
setected cnzymes (e.g. proteases), total dissolved organie carbon (by a Shimadzu 5000}, dissolved
lipids at class level (by an [atroscan MIK-5), and surfactancy using contact angles (a measure of
potential for solubilization of hydrophobic substances; Mayer et al., 1997).

Our experience with cationic transition metals indicates that dissolved amino acids in gut
fluids act as potent ligands to solubilize these metals (Chen and Mayer, 1998). In the case of Hg
and Se we suspect that affinity for sulfur ligands will lead to cysicine and/or methionine as
important to solubilization. Acidic conditions in the fish intestinal tract may play a role, and in fact
multiple solubilization mcchanisms may be involved, particularly for Se. We emphasize that this
ligand identification has important implications for prediction of susceptible animal species. For
example, methionine is depleted in detritus (Mayer et al., 1995}, so that animals feeding on detritus
may be less susceptible to inorganic Hg solubilization than animals feeding on cellular material
(c.g., carnivores, who feed upon methionine-rich proteins). We will test for these ligands by
performing blocking experiments on suspected binding sites, such as by adding an organic moiety
that blocks the ligand site (e.g., sulfhydryl groups}, and perform sediment incubations using both
treated and untreated gut fluids.

The results from the solubilization mechanism work will enable us to design synthetic
cocktails that contain relevant solubilizing agents. These agenls might take the form of enzymes,
inert proteins, or other biochemicals found to play a role in gut dissolution of Hg and Se. For
example, we have found that cow biood protein, available commercially as bovine serum albumin,
closely minies digestive fluid in copper solubilization. We will validate the synthetic digestive
fluid with side-by-side solubilization comparisons with actual sturgeon digestive fluid. Because of
exlensive work we have already done in this area using invertebrate digestive fluids, we will be
able to establish which taxa beyond sturgeon the cocktail would adequately mimic.

Task 4 - Field demonstration: Mercury: To demonstrate the many applications of the digestive
fluid approach in ecosyslcm restoration projects, two field tests of the technique are planned: one
wilh Hg and one with Se. CALFED is currently supporting work by UC Davis to measure
methyl-Hg production from reflooded wetlands, one component of which involves measuring Hg
in resident fishes and invertebrates (e.g., goby, crayfish). Hg in their tissues should provide an
integrated measure of exposure in each wetland and a measure of its bicavailability. We will
collect sediment from these same sites and extract thern with sturgeon digestive fluid and the
synthetic surrogate. The UC Davis team expects bioavailability of Hg from the various wetlands to
be variable depending on factors such as the time since flooding, salinity, soil organic matter
quantity and type, etc. This task will establish if digestive fluid extraction predicts the relative Hg
bicavailability from the various wetlands as quantified by body burden of the resident organisms.

Task 3 - Field demonstration: Selenium: CALFED is currently suggorting a pond system by UC
Berkeley investigators to remove Se from agricultural drainwaler: The Se remaved accumulates as
sludges in anaerobic ponds, primarily as organoSe and elemental Se. With continued operation or
if this rechnology is adopted elsewhere, there will be a need to dispose of these Se-rich sludges.
Digestive fluid extraction technique provides a means to assess the bioavailability of Se from this
material in order to guide sludge management decisions. Of particular interest is how transfer of
the sludges from the current anaerobic system to an aerobic environment might affect
bicavailability. While this could not be addressed with conventional biological measures of
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bicavailability because of the impossibility of maintaining animals under anaerobic condilions, we
will be able to determine how much of the Se is solubilized by digestive fluid and the surrogate
synthetic cocktail when the extraction is performed anaerobically (under nitrogen). Repeating the
extraction after oxygen exposure will establish if bicavailabilily is enhanced or mitigated by
oxidation, and guide decisions on how the Se-rich sludges are to be digposed of.

ject -Work will be conducted in the laboratories of all project participants, but Tasks
1 includes field collection of sediment throughout the Delta and Sacramento and San Joaquin River
waltersheds. Task 4 will be done in the Delta. Task 5 wiil be done in selenium removal ponds near
Firebaugh on the San Joaquin River.

ECOLOGICAL/BIOLOGICAL BENEFITS

Ecological/Biological Objectives

Ecosystem restoration efforts oflcn chunge the rates of contaminant input into an
environment or modify the physical and chemical conditions so as to make existing contaminants in
that system more or less bioavailable. Floading of ayricultural fands i create wetland habitat can
remobilize soil-bound contaminants. Changes in the input of organic matter, as might accompany
water flow or land use changes through ecosystem restoration, would alter the bicavailability of
contaminants capable of chemically interacting with organic carbon. Shifts to species assemblage
utilizing different food sources may result in a contaminant being more or less bioavailable to the
new species assemblage than it was to the prior assemblage. A thorough evaluation of the success
of restoration efforts will often involve a need to assess the effect of those efforts on contaminant
bicavailability.

Mercury is a major contaminant of concern in the Bay-Delta system because of on-going
releases from Hg mines within the watcrshed and the historical discharge of elemental Hg [rom
placer mining activities in the late 1800's. Fish advisories have been issucd in San Francisco Bay
becanse of high Hg in the tissue of recreationally exploited species. Selenium is also of major
concemn in the system due 1o inputs from agricultural irrigation in the San Joaquin drainage and oi}
relining in the North Bay. Selenium levels in biota of North San Francisco Bay have reached
levels at which reproductive impairment is of serious concerz, and sturgeon have specifically boen
identified as being at considerable risk (CALFED 1998). Given the high priority of these
contaminants tO resource management agencics, their tendency to be strongly particle-associated,
and their propensity to bioaccumulate primarily through diclary routes, Hg and Se are ideal
candidate toxicants for development and application of the digestive fluid approach. The
technique. however, is not necessarily limited to these substances. As noted above we have
already demonstrated its utility to PAH and certain metals. PCBs, organochlorine insceticides, and
the more hydrophobic organophosphate pesticides all ure likely to be suitable for use of the
technique in quantifying bicavailability.

The digestive fluid extraction approach 1o quantilying bioavailability is of particular interest
with regard to Se bioavailability because of the complex and poorly understood environmental
chemistry of the element. Organic forms of Se are often considered the most bioavailable, but
there is no accepted means to quantify their concentration in environmental samples. In the current
CALFED-funded study by USGS on Sc cycling in the Bay-Delta, organic Se is measured only by
difference (total Se minus inorganic Se). Using digestive fluid extraction to measure bicavailability
avoids the need to quantify each Se species, delermine their relative bioavailabilities, and how this
bioavailability may be influenced by physical/chemical conditions in the sediment. In digestive
fluid extraction one need only quantify the total amount of Se in the digestive fluid, and an
understanding of the complex underlying Se chemistry is not essential in predicting the extent that
biota will accumulate Se from the sediment. '

We focus on binaccumulation of Hg and Se by demersal fish, with sturgeon as our model
animal for several reasons. First, sturgeon arc boitom-feeders foraging on deposit-feeding benthic
invertebrates (e.g., polychaetes, molluscs, crustaceans), thus there is a clear trophic link between
the fish and sedimentary Hg and Se. Sturgeon feed by vacuuming up the substrate, thus they
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ingesl significant quantities of sediment while foraging. 25-75% of the dry weight in the guts of
sturgeon consists of sand and organic debris (Johnson et al., 1997). Second, sturgeon are
harvested by recreational fishing so there is a clear connection to human Hg and Se exposure.
They are specifically identiticd under the Proposal Solicitation Package Goal 3 as recreationally
exploited species because of population declines and evidence of confamination. Sturgeonin the
Bay contain 0.1-0.6 ppm Hg, and the vast majority of individuals cxceed the State's threshold of
concern of .14 ppm Hg (Ca. Dept. Fish and Game, unpub. data; SFEBRWQCB, 1995; Davis et
al., 1999). Third, there are readily available supplies of commercially cultured sturgeon, allowing
us o obtain experimental animals at all life stages, in greater number, with greater ease, and with
fewer seasonal limitations than would limit access to wild fish. We have worked with Stolt
ScaFarms, a sturgeon producer near Galt, California, on other unrelated projects, and abundant
supplies of digestive fluid can be obtained during routine processing of the cultured fish. It will
nol be necessary to collect from the limited supplies of wild {ish in the Bay-Delta.

While our experiments will utilize digestive fluid of the white sturgeon, we do not view our
results as limited in applicability to this species. Extrapolation fo the green sturgeon is obvious,
but in fact we have found that a wide variety of taxa have very similar digestive chemisiry in the
context of contaminant solubilization. In work with invertebrates we have found that with the
exception af echinoderms, the digestive fluid of many diverse phyla have similar potential 1o
solubilize zine ( Weston and Maver, unpub. data). Thus, we believe our results will be broadly
applicable to bottom-feeding fish and many invertebrates in general, and we will design the
synthetic cocktail in this context. With an exicnsive data base we have developed on gut fluid
compositon across many species, we should be able to reasonably predict which species for which
a given vocktail is likely to mimic digestive chemistry.

Our ultimate objective is to provide CALFED and other resource managemen! agencies a
tool to quickly and easily measure contaminant bioavailability by a consistent method across a
broad range of hahitats. Our program has been designed in an ecosystem restoration context, and
there are many applications of the technique in this context, but potential applications extend ar
beyond. The technique can be used for dredged material management, risk assessment, evaluating
the success of remediation, and in facl, many contexts in which bicavailability of sediment-
associated contaminants is of cntical importance.

Linkages

There are twe CALFED projects to which we have explicitly linked our study. The firstis
a UC Davis study (Suchanek and Slotten) of Hg bioavailability from restored wetlands. They are
measuring bicavailability based on Hg body burden of resident fish and invertebrates. Our Task 4
will involve collection of sediment from their study siles, quantification of Hg bioavailability by
digestive (uid extraction, and comparison of the two alternative bicavailability measures. A letter
of support from Drs. Slotton and Suchanek is provided at the end of this proposal.

The second CALFED project which we have integrated into our work is the ABSR
selenium removal system being developed by UC Berkeley investigators (Gswald) near Panoche,
California. The ABSR ponds will, over time, accumulate a Se-rich sludge. In its current location
al the bottom of an anaerobic pond, it poses little threat to biota, but ultimately disposal alternatives
will have to be considercd. Our study will evaluate the bioavailability of Se in this sludge, and
specifically how transition from an anaerobic to acrobic environment affects this bicavailability. A
letter of support from Dr. Oswald is provided at the end of this proposal.

Our study will also share areas of common research interests with the CALFED-funded
study on Se impacts in the Bay-Delta ecosystem (Luoma et al.). This study will measure Se
bioaccumulation by primary consumers, several invertebrate species and fish. Our studies on
absorption of various Se forms by sturgeon, and the constraints imposed by the initial digestive
solubilization, should be of interest to these investigators. In addition, a5 4 component of their
project, Dr. Hinton of UC Davis will be studying the effect of Se on sturgeon reproduction and
development, His interests in toxicological effects is a logical extension of our interests in the
bicaccumulation process. '
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Finally, CALFED will soon be initiating a study of Hg impacts in the Bay-Delta walershed
(Stephenson et al.). This study involves measuring Hg bicavailability, but does so by using
*methyl-Hg/total Hg ratios in sediment to give a first order estimation of methylation potential
which is a good proxy for bioavailability" (Stephenson ct al., Hg proposal o CALFED, p. 7).
While we agree that methyl-Hg is more bicavailable than inorganic Hg, we have extensive dula that
shows more than half the methyl-Hg in sediment is not bioavailable, the bioavailable fraction of
even methyl-Hg is highly variable among sediments, and methylHg concentrations in sediments do
not correlate well with body burden of resident organisms. Thus we believe that our more direct
measures of Hg bicavailability (both digestive solubilization and the sturgeon exposures done in
support of i) can pravide insights into the sediment conditions which enhance or mitigate methyl-
Hg bioavailability, and will prove invaluable in heiping the other investigators interpret their
observations. Drs. Suchanek and Slotton are principal investigators on this project as well, and the
linkages between our studies are discussed in their letter of support.

Our laboratory studics of contaminant solubilization and absorption will be done with white
sturgeon, and results would certainly be directly relevant lo green sturgeon. The work is most
relevant to the contaminant strategic objectives and targets (p. 506, 2/99 ERP), and strategic
objectives and targets (or bottom feeding fishes such as green sturgeon {p. 205), white sturgeon
(p. 402), and splittail (p. 209). We note, howevcr, thatitis difticult to identfy the species-specific
Ecosystem Restoration Program Goals which the project addresses since the wark erosses species
boundaries. We believe the proposed study will provide considerable insight into food chain
transport of Hg and Se in general, and can be used as a nsk assessment tool that benefits all aquatic
species,

System-Wide Ecosystem Benefits

We have limited the proposed work to an evaluation of Hg and Se bioavailability, bul there
is no fundamentak reason why the technique could not be applied 1o other sediment-associated
contaminants. Pesticides are an obvious example, Chlorpyrifos has recently been found in
sediments of urban storm drains and on suspended particulate matter in the Delta. We are currently
planning work with USGS (o examine the bioavailability ol chlorpyrifos from these suspended
sediments. In addition Central Valley soils contain organochlorine residues from application of
these pesticides deeades ago, and the digestive fluid approach could be useful in determining the
extent of bioavailability of these residues after all these years. The digestive fluid approach would
be useful in assessing bioavailability of virtually any sediment-nssociated toxicant, including heavy
metals, hydrocarbons and PCBs.

We have focused the proposed work on topic areas of specific interest to CALFED, but
development of the digestive fluid technique will provide a tool of value to scientists and many
resource management agencies. Baoth state agencies (e.g., State Waler Resources Control Board,
Dept. of Fish and Game) and federal agencies (e. g., Environnental Protection Agency, Army
Corps of Engineers) have many on-going investigations or monitoring programs in which there is
a need to assess the tisk of contaminated sediments. The tools provided by the proposed work
would be valuable to these agencies, and provide data that would be far more ecologically realistic
and defensible than those based on conventional chemical analysis of contaminated sediments
alone.

Compatibility with non-ecosystem objectives

The need to measure contaminant bioavailability and the approach we propose to do so is
applicable to several CALFED Bay-Delta Program objectives. The Ecosystem Quality objective is
to improve habitats to support diverse and valuable plant and animal species. Many polential
habitats contain residues of anthropogenic subslanues that are potentially toxic and could prevent
the establishment of sustainable populations of desired species (e.g. pesticide residues in soils, Hg
in sediments from hydraulic mining activities). However, the mere presence of these contaminarnts
does notin itself indicate that Lhe habitat is unsuitable and the bioavailability of these substances is
an equally important issue that must be addressed in order to determine if populations are
sustainable in the improved habitat. The Water Quality objective will also benefit from the
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proposcd work. Not only will the information be valuable in protecting water quality for resident
agquatic species, but there are clear implications to recreational fishing and human health. There are
currently fishing advisorics in effect in S8an Franciso Bay because of Hg contamination, and the
proposed wark will provide data on how these fish accumulate Hg from contaminated sediments.

. TECHNICAL FEASIBILITY AND TIMING

Environmental management decisions often are based on conventional chemical analyses of
contaminant concenlrations in sediments. Conventional chemical measures, however, are
generally uscless in predicting contamninant bicavailability. Conventional extraction techniques,
typically using a strong acid for contaminants such as Hg and Se, are intended 1o extract all of the
contaminant, and therefore far overestimate the bicavailable (raction. For example, our preliminary
work has shown that <10%% of inorganic mercury and <20% selenite are extractable from sediment
by digestive fluid, indicating thai conventional extraction techniques overestimate bioavailability by
at least a factor of 5. :

Even il chemical analyses arc used to quantify a specific species that is more bioavailable,
such as methyl-Hg, these data are generally inadequate bases on which to base management
decisions. We have several data sets that indicate methyl-Hg concentrations are not reliable
predictors of the potential for Hg bioaccumulation. Methyl-Hg concentrations in sediments are
uncorrelated (o Hg body burden of killifish and many benthic invertebrate species in our studies in
Chesapeake Bay and Texas (Mason, unpub. data). In digestive fluid extractions of sediment we
have found the the proportion of methyl-Hg that is bioavailable may vary from 2-38% depending
on sediment organic carbon, AVS, and other factors. In fact, we have found that the proportion of
methyl-Hg solubilized in the fluid is an excellent predictor of the ability of benthic amphipods 10
accumulate the methyl-Hg from the sediment (Lawrence and Mason, in review),

The other alternative tochemical analyses to predict contaminant bicavailability is a
biological measure such as bioaccumulation testing using either resident or laboratory-exposed
organisms. While the resultant data are useful in ecosystem restoration decisions, the use of
animal-based measures presents some significant difficulties. Often it is necessary to measure
bioavailability over a broad cnvironmental gradient that exceeds the tolerance range of any one
species,thus il is impossible to obiain a consistent bioavailability measure across the range of
conditions {c.g., the RMP bicaccumulation monitoring program has to use onc bivalve species in
San Francisco Bay and a second species in the Delta). In addition, it may be desirable lo measure
bivavailability under conditions where animal exposure is impossible, such as Task 5 proposed
above in which we will establish how Se bioavailability is dependent upon the anaerobic conditions
under which the sludges are maintained. Finally, laboratory bioaccumulation testing is among the
most expensive ways to evaluate contaminatcd sediments because of both the extensive chemical
analytical needs and the long exposure period that is required.

The digeslive fuid extraction approach has as much biciogical relevance as biological
measures of bioavailability, but with the spced and simplicity of a chemical extraction. Moreover,
it provides resulis consistent with the traditional biological approaches to quantifying bioavailability
{Weston and Mayer, 1998; Weston, 1999; Lawrence and Mason, inreview).

MONITORING AND DATA COLLECTION METHODOLOGY

Our monitoring and data collection information is summarized in Table 2, and many of the
details have already been provided earlier in this proposal. Table 2 is divided inta five sections
based on biological/ecological objectives which correspond to the five tasks described in the
Project Description section:

Quantify digestive solubilization of Hg and Se
Quantify digestive absorption of Hgand Se - -- R
Synthetic cocktail development

Field demonstration: mercury

Field demonstration: selenium

'

I —018953
|-018953



7GE810-|

rese6s8s il o—

Table 2. Monitoring and Data Collection nformation

Hypothesis/Question
Evaluated

Biological/Ecological Objective: Quantify digestive solubilization of Hg and S¢

How much Hg/Se in
natural sediments would
be available to an erganism
ingesting that sediment?

How is digestive
solubilization dependent
on chemical species?

On which environmental
factors is Hg/Se
binavailability dependent?

Is in vitro sohabilization
equal to in vivo
solubilization?

Biological/Ecologicat Objective:

How efficiently are various
chemical forms of Hg/Se
absorbed in the gut.

Is the proportion of Hg/Se
solibilized equal to Lhat
absorbed in the gut?

Do Hg and Se interact
competitively or in other
ways during solubilization
and absorption?

Monitoring Parameters

and Data Collec. Approach

Extensive field collections of sediments
in Delta, Rivers and tributaries;
exlract by sturgeon digestive fluid.

Extensive field collections of sediments
in Delta, Rivers and tributaries;
extract by sturgeon digestive fluid.

As above. Also laboratory manipulations
of sediment properties to observe effects
on solubilization.

Paralle] experiments int which sediment

is extracted in vitro and also fed to sturgeon
which arc then sacrificed to analyze
digestive fluid.

Quantify digestive absorption of Hg and Se

Feed sturgeon Hg/Se labelled sediments
and measure absorption by pulse chase.
Also measure absorption by perfused gs.

Feed sturgeon Hg/Se labelted sediments
and measure absorption by pulse chase.
Also measure absorption by perfused guts.

Measure solubilization and absorption of
Hg and Se independently and when in the
same sediment concurrenily.

Data Evaluation Comments/
Approach Data priority

Determine proportion High

of total Hg/Se that is

extractable.

Quantify Hg/Se in sediments High
according to chemical form and
determine extracability for cach.

Correlations between sediment ~ High
properties and solubilization,

Agrecment between in vitro High
and in vivo approach in
amount of Hg/Se solubilization.

Determine proportion of each High
Hyg/Sc form absorbed.

Compare proportion of Hg/S¢ High
solubilized to the proportion
ahsorbed.

Compare selubilization and High
absorption efficiencies for
statistical differences.
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Table 2. Monitoring and Data Collection Information (continued)’

Hypothesis/Question Maonitoring Paramesers Data Evaluasion Comments/

Evaluated and Data Collection Approach Approach Data priority
Biological/Ecological Objective: Synthetic cocktail development
What agents in digestive fluid  Analysis of enzymes, surfactancy, pH, Chemical characterization of High
are responsible for Hg/Se DOC, lipids, etc. in digestive fluid. gut fluid. Statistical comparison
solubilization”? Blocking of suspected ligands and test of solubilization with and without

for effect on solubilization. blocking agent.

Cana synthetic cockiail be Use characierization results to develop Compare solubilization rates and ~ High
formulated to mimic Hg/Se a synthetic version using commercially extents over multiple sediments
solubilization. available enzymes, elc. and HgfSe species to evaluate

success of biomimetic solution.

Biological/Ecological Objective: Field demonstration: mercury

How does digestive fluid Callect sediment from multipie restored Compare solubilization estimates ~ High
extraction compare to other wetiands, and measure Hg bioavailabilicy of bioavailability at each wetland
measures of Hg bioavailability ~ from these sediments using actual and to bicaccumulation by resident

when used in an ecosystein synthetic digestive fluids. species. Compare results from
restoration context? the two extractants.

Bfg]ggjca]/Ecological Objective: Field demenstration: selenium

Can digestive fluid extraction | Collect sludges from Se removal ponds Compare solubilization under High

be used to assess Se and measure bioavailability both anacrobically  the both redox cenditons. Compare
bicavailability from sludges and acrobically using actual and synthetic results from the two extractants.
generated by a Se removal digestive fluids.

technology”
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Our primary data collection method will be in vivo digestive fluid extraction. The amount
of contaminant desorbed from the sediment of interest and solubilized in the digestive fluid or
synthetic surrogate is the critical parameter by which we measure bioavailability. We wish to
emphasize that while the approach is novel in that the first paper was published only in 1996
{Mayer et al., 1996), its scientific validity has been established by the numerous papers that we
have published in the peer-reviewed literature since that time (as listed previously in Table 1). In
addition the Environmental Protection A gency, Office of Naval Research, Department of Defense,
US Navy, UC Toxic Substances Research and Teaching Program, and the UC Water Resources
Center have all provided funding to us at various times to develop the approach, thus showing
further demonstration of its recognized potential.

Our analytical needs include gamma counting (when using radicactive Hg and Se in
laboratory expeniments), gold-amalgamation/cold vapor atomic fluorescence (CVAFS) for Hg
analyses, and PSA hydride generation atomic fluorescence for Se. Dr. Mason will be responsible
for performing these analyses using the [acililies at the Chesapeake Biological Labaratory's Trace
Metal Analytical Facility of the University of Maryland, This laboratory has extensive experience
in both Hg and Se measurements from environmental samples. [n particular, its Hg capability is
highly regarded and some of its procedurcs have formed the basis for EPA Method 1631 for Hg
analyses.

Some absorptive experiments that require greater manipuiation of certain vatiables will be
done with perfused gut segments. The use of perfused tissues to study absorplive processes is
well established, and we have used it to study Hg uptake across the blue crabs. Quantification of
absorption efficiency in whole sturgeon {juveniies) will be done by pulse chase methods, These
procedures are well-established, and specifically most widely used for trace metals (Deccho and
Luoma, 1991; and many others). The advantage of using radioactive Hg or Se for this purpose is
that Hg and Se body burden in the sturgeon can be measured non-destructively by gamma
counting. The radioactivity in an individual can be measured after ingesting the contaminated
material, that individual is returned to the aquarium to allow it to clear its gut, and then the same
individual can be counted for radivactivity again. The difference between the two counts can be
used to derive absorption efficiency.

LOCAL INVOLVEMENT

As discussed above and as indicated by the letters of support we have integrated our efforts
with those of invesligators working throughout the Bay-Dells, and particularly those involved in
related CALFED projects. The type of work proposed does not lend itself to involvement by local
government agencies. State resource management agencies would have considerable interest in the
results of the work, and staff of these agencies will be reached by presentations in CALFED-
sponsored forums and local environmental conferences (e.g. San Francisco Bay State of the
Estuary Conference, NorCal chapter of the Society for Environmental Toxicology and Chemistry).
In addition we wiil publish the resulls in both the peer-reviewed literature, and also as a chapter in
the annual Regional Monitoring Program report of the San Francisco Estuary Institute. We have
also published in the past on the digestive fluid method in the IEP Newsletter (Vol. 11, No. 3,
1998), and would anticipate doing so in the proposed project as well.

A local business, Stolt SeaFarms, will provide the juvenile sturgeon 1o be used in this
study. We have worked with Stoll lor several years on a project unrelaled 1o that proposed, and
they welcome the opportunity to use their cultured fish in a project that will benefit both the wild
stock and the Bay-Delta ecosystem as a whole.

The majority of the work proposed will be conducted in university laboralories, and thus
notification of alfected counties is not relevant to these tasks. There are two field demonstration
tasks, the first of which (mercury) will be done at sites throughout the Delta in Solano and San
Joaquin counties; and the second of which (selenium) will be done in ponds near Firebaugh,
Madera County. Asrequested by CALFED, the County Board of Supervisors and Planning
Department of these counties have been notified, and a copy of the letter is attached. :

I —018956
|-018956



12

COST

Budget

The budget for the proposed work is shown in the attached tables wilh each page
representing the budget for a single institution. Univ. Maryland and Univ. Maine are participating
in this project as subcontractors ta the University of California, and the total dallar value of their
subcontracts are inctuded in the Univ. California budget under the "other direct cost" calegory.

Salary costs include those for the principal investigators, post-doctoral researchers (Maine
and Maryland), graduate student (Maryland), technicians (Maryland and California), and
undergraduate assistants (Califomia). Fringe benefit rates vary depending on the type of position.

Materials and acquisitions largely consists of expendable supplies, the largest fraction being
those associated with chemical analyses of Hg and Se, and the purchase of radicactive Hg and Se.
The only equipment item included in the budget is the purchase of a gamma counter at UC
Berkeloy (approx. $35,000). The gamma counting instrumentation currently available is
inadequate to measure whole juvenile fish and can not simultaneously distinguish activity of Hg
and Se, both of which are needs essential to this project.

Indirect costs vary among the institutions. Unty. Maryland indirect costs are 43% of total
direct costs. Univ. Maine indirecl cosls are 45% ol tolal direct costs. Univ. Calilornia indirect
costs depend upon whethcr the source of funds for this project are from the state or federal
government. If state funds are provided, indirect costs are 10% of direct costs excluding
equipment, and the 10% charge is applicd to the full value of all subcontracts. If federal funds are
provided, indirects costs are 50.4% of direct costs excluding equipment, and only the first $25,000
of each subcontract is subject 16 the 50.4% indirect cost. In preparing the budgets, indirect costs
on the [irst $25,000 of cach subcontract were placed in the first quarters and in the first tasks each
subcontractor participates in until the $25,000 limit was reached (i.e., UCB indirect costs on the
Maryland subcontract in Task 1, quarters 1 and 2; Maine subcontract in Task 3, quarters 1 and 2}.

The Project Management Task, budgeted only for the prime contractor (UCB}, includes
time required to prepare quarterly reports, respond to requests for information from CALFED or
member ageneics, give oral presentations o CALFED, track progress by the subcontractors, and
includes costs to travel 10 one of the subcontractor's institutions each year to coordinate research
efforts.

Schedule

The projcet will exlend over three years, and for purposes of scheduling and budgeting is
assumed to start Oct. 1, 1999 and be completed by Sept. 30, 2002, The schedule for each task is
shown below:

1999 [ 2000 11 2001 1[ 2002
ONDJFMAMITASONDIFMAMIJASONDIFMAMUITAS
Task 1- Digestive solubilization XXXXXXXXXXAXXXXXXXX
Task 2 - Digestive absorption AKX XXKKRKXAKKKEXKRRK
Task 3 - Cocktail development NCCCOCX R OOOOOUOMOOOC XX XX XXX KX K
Task 4 - Field demonstration: Hg XXX
Task 5 - Field demonstration: Se XXX

The project will initially concentrate on the digestive solubilization work and then later shift
to an emphasis on absorptive constrainls on bicaccumulation. Work to establish the mechanisms
of Hg and Se solubilization by digestive fluid and then to develop a synthetic cocktail based upon
the relevant mechanisms is anticipated to be a lengthy and iterative process that will rely upon -
information gathered in the other tasks throughout the project. Field demonstration tasks are
intended to occur at the end of the project since they rely upon the cocktail produced in Task 3.
Manuscripts for publication in the peer-reviewed literature and CALFED technical documents will
be prepared throughout the project, generally near the end of the period allotted lor each task
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COST SHARING

Dr. Mayer has a 9 month academic appointment, and will provide one month each year of
his state-supported (Maine) time to the CALFED project. Salary casts, fringe benefits, and
associated indirect costs for this in-kind cost sharing have a value of $47,503.

D, Weston has received funding from the University of California Water Resources Center
to further develop the digestive fluid approach as an environmental management tool, and much of
the work conducted through that grant will be directly applicable to the CALFED project. Work
will be conducted from July 1999 through Junc 2001. The valuc of this award is $53,000, and is
offered as in-kind cost sharing, supported by the state of California.

The total value of all cost-sharing on the proposed project is $100,503.

APPLICANT QUALIFICATIONS

The proposed work represents a collaboration among investigators at the University of
California, Berkeley, the University of Maine, and the University of Maryland. Each participant
brings unique talents to the project and they werc included in this project because of exiensive
directly relevant research experience. The in vitro solubilization concept was originally proposed
in 1996 by Dr. Mayer, and his lab has donc a great deal of work on trace metal and PAH
bicavailability using the technique. Dr. Weston has extensively applied the technique to polycyelic
aromatic hydrocarbons, and has been validating the procedure with whole animal measures of
absorption and bicaccumulation. Dr. Mason's expertisc lies 1n Hg bioavailability, and he has used
the technique as a ool to quantify this bioavailability. Drs. Mayer and Weston have collaborated
on other projects, as have Drs. Mason and Mayer, and we anticipate the proposed collaboration
will be as productive as those already completed. .

Dr. Donald Weston will act as Project Manager [or the proposed work, and will be
responsible for primary contact with CALFED and the coordination of tasks among the other
project participants. He also will have specific technical responsibilities in Task 1 and 2, and
primary responsibility for the field demonstrations of Tasks 4 and 5. Dr. Weston is an
ecotoxicologist with nearly 20 years expericnce, Hig rescarch has focused on issues pertaining to
bicaccumulation of sediment-associated contaminants, and has included work on bioavailability,
trophic transfer of contaminants, sediment toxicity testing. and loxicant effects on benthic

_ community structure, He has done a great deal of work in recent years on the digestive fluid
approach t0 measuring bioavailability including comparison of the technique to more traditional
techniques, and an interphyletic study in which the digestive (luids of 20 species were compared in
their ability to solubilize both a polycyclic aromatic hydrocarbon and trace metal. His work on -
digestive fluid has been funded by the US Environmental Protection A gency, L8 Navy, UC Toxic
Substances Research and Teaching Program, and the UC Water Resources Center. Collaborations
with Lawrence Berkeley National Laboratones, US Geological Survey, and US Army Corps of
Engineers are in the initial planning stages. His research group consisis of a technician and two
graduate students, one of whom is studying Hg toxicity and the other of whom is conducting
research on Se bioavailability.

Dr. Robert Mason will have respansibility for spocific components of Tasks 1, 2 and 3,
and in additional will provide Hg and Se analytical assistance to all project participants. He has
been involved in innovative mercury research for the past 12 years, obtaining his Ph.D. degree
under the mentorship of Dr, William Fitzgerald, an inlernationally known Hg researcher. He has
been involved in the development of the recent analytical and methodological techniques that now
allow the uncompromised determination of mercury and methylmercury concenirations in natural
waters, sediments and biota. He has a total of 40 Hg-related publications in the last 10 years,
including a paper in press that is directly relevant to the topic of this proposal (Lawrence,
McAloon, Masoen and Mayer: Intestinal solubilization of particle-associated organic and inorganic
mercury as a measure of bioavailability to benthic organisms; Environmental Science and
‘Technology, in press). Mason's research focuses on Hg biogeochemistry and toxicology, but also
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includes work on the melalloids, particularly arsenic and sclenium, and the more toxic trace metals,
Mason's research has recently focused on understanding the factors controlling Hg and methyl-Hg
bicaccumulation into aquatic organisms, both in the benthic and pelagic realm, through research
funded by the EPA, NOAA, and the Maryland DNR (2 recent MS Theses: 4 papers published or in
press, one in review). Mason's group is involved in an additional project looking into the factors
controlling Hg, methyl-Hg, arsenic, selenium and cadmium accumulation into freshwater
invertebrates and fish, and a paper has recently been submitted ta Archives of Environmental
Contamination and Toxicology. Mason has a current collaboration through the University of Santa
Cruz/San Francisco Estuary Institute to mecasure Hg and methyl-Hg in waters of San Francisco
Bay. His group currently consists of 4 students, a technician and two post-doctoral researchers,
and has all the necessary expertise for the studies under the current praposal

Dr. Lawrence Mayer will have primary responsibility for investigation of the mechanisms
of Hg and Sc digestive sofubilization and the development of synthetic cocktails to mimic the
natural processes (Task 3). Heis a Professor ol Oceanography at the University of Maine,
specializing in marine biogeochemisiry, He has performed extensive research imo the
bicavailability of materials at the land-sea interface, including nutritional and toxic substances. The
toxics work has included both metals and organics. Coupled to the biogeochemical work has been
characlerization of organismal physiology as it relates to bioavailabilily - for example,
characterizing the types of enzyme or surfactants that are responsible forsolubilization of varicus
~ nutriticnal or toxic substances. Projects funding this work have been obtained from the U.S.
Department of Defense, Environmental Protection Agency, National Science Foundation, and the
Mainc Center for Innovation in Biotechnology. In the 23 years sinee his Ph.I)., he has published
75 papers in a variety of chemical, biological and geological journals.
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QUARTERLY BUDGET

Principal Investipator:

Donald P. Weston, Ph.D.
University of California, Berkeley

[versity of Cali erke
If funded with Federal funds:
Quarter 1 " Quarter 2 Quarter 3 Quartar 4 Yaar 1
Tasks Oct-Dac 1999 Jan-Mar 2000 Apr-Jun 2000 Jul-Sept 2000 Total
Task 1 43830 40,488 76,597 38,732 199,648
Task 2 - - - - .
Task 3 20,506 19,361 7,167 13,833 860,667
Task 4 - - - - -
ﬁask & - - - B -
Project Mgt. Task 4103 2,659 2,599 2,599 11,800
Grand Totals 68,439 | % 62,449 | % 86,363 54,964 | § 272,215
: Quarter 5 Quartar 6 Quarter 7 Quartar 8 Yeaar 2
Tasks Oct-Dec 2000 Jan-Mar 2001 Apr-Jun 2001 Jul-Sept 2001 Total
[Task 1 35.509 - - - 35,609
Task 2 3,785 43,474 46,792 39,141 133,192
Task 3 14 134 14,134 14,134 14,134 56,536
Task 4 - - - - -
Task & _ - - - - -
Project Mgt. Task 4,153 2,649 2,649 2,849 12,100
Grand Totals 57,681 | § 60,257 | § 83,8758 55,924 | $ 237,437
Quarter 9 Gluarter 10 Quarter 11 Quarter 12 Year 3 Grand
Tasks Qct-Dac 2001 Jan-Mar 2002 Apr-Jun 2002 Jul-Sapt 2002 Total Totals
Task 1 - - - .- - 235,257
Task 2 26.480 3,601 - - 28,881 |- 163,173
Task 3 32,803 32,902 14,451 14,451 94,707 211,810
Task 4 - - 32,719 - 32,719 32,719
Task 5 - - - 32,418 32418 32,418
Project Mgt. Task 4,202 2,698 2,698 2,608 12,288 36,296
Grand Totals 63,585 | § 39,101 [ § 49,888 49,567 [ $ 202,121 711,773
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QUARTERLY BUDGET

Principal Investigator:

Donald P. Weston, Ph.D
Unlversity of California, Berkeley

iV fo
Quarter 1 Quarter 2 Quarter 3 Quarter 4 Year 1
L Tasks Qct-Dec 1999 Jan-Mar 2000 Apr-Jun 2009 Jul-Sapt 2000 Total _
Task 1 32,066 33,218 72,125 34,260 171,858
Task 2 - - - - .
Ek 3 14,987 14,770 7167 13,833 60,567
Task 4 - - - ~ .
Task & = - - -
Project Mgt. Task 3,001 1,901 1.901 1,801 8,704
Grand Totals 50,054 | § 49,889 81,193 49,794 || 5 230,830
Quartser 5 Quarter Quarter 7 Quarter 8 Year 2
Tasks Qct-Dec 2000 Jan-Mar 2001 Apr-Jun 2001 Jul-Sept 2001 Total
Task 1 30,583 - - - 30,583
Task 2 3,785 38,843 42,261 34610 119,599
Task 3 14,134 14,134 14,134 14,134 56,5356
Task 4 - - - - -
Task § - - - - -
Project Mgt. Task 3,037 1,937 1,987 1,937 || 3,848
Grand Totals 51,539 (5 85,014 58,332 50,681 | $ 215,566
Quarter 9 Quarter 10 GQuarter 11 Quarter 12 Year 3 Grand
Tasks Qct-Dec 2001 Jan-Mar 2002 Apr-Jun 200; Jul-Sept 2002 Total Totals
Task 1 - - - . - 202 242
Task 2 21,403 3,501 _ - - 24904 144,503
Task 3 32,903 32,902 14 451 14,451 84,707 201,810
Task 4 - - 28630 - 28,530 28,530
Task & - - - 28,310 28,310 28,310
Project Mgt, Task 3.073 1,973 1,973 1,973 8,992 28,544
Grand Totals 57,378 | § 38,376 44,954 44,734 | § 185443 (| $ 631,839
Il —01896 2
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Principaf Investigator: Donald P, Weston, Ph.D.
University of California, Berkeley

£96810-

€9681 0—

Subcontracts:
' TOTAL BUDGET
University of Maryiand
Misc. &
Direct Direct Material & | Other Total
Labor Salary & | Service Acq. Direct Direct Indirect Total
Tasks Hours Benefits | Contracts| Costs Costs Costs Costs Costs
Task 1 1,626 56,485 1,315 -8,000 1,250 67.050 28,831 95,881
Task 2 1,820 52,715 1,284 10,000 1,500 65,499 28,165 63,664
Task 3 5908 20,800 506 4,000 500 25,806 11,097 36,903
Task 4 311 9,490 235 2,000 250 11,975 5,149 17,124
Task b 311 9,490 235 2,000 250 11,975 5,149 17,124
Grand Totals 4,466 | $148980 |$ 3,575[% 26,000 % 3,750 | $ 182,305 $ 78,391 | $ 260,696
TOTAL BUDGET
University of Maine
Misc. &
Direct Direct Material &| Other Total
Labor Salary & | Service Acq. Direct Direct Indirect Total
Tasks Hours Benefits | Contracts | Cosis Costs Costs Costs Costs
Task 1 130 3,285 - ' 725 450 4,461 2,007 64681
Task 2 - - - - - - - -]
Task 3 3,10 84,931 - 17,275 9,799 112,005 50,402 162,407
Task4 - - - - - - - -
Task 5 - - - - - - - -
Grand Totals | 3,240{% 88217 (% - $ 18000 % 10,249 | $1164661$ 52409 | § 168875




QUARTERLY BUDGET
University of Maryland

Principet Investigator!

Boaald P, Westen, Ph.D.
University of Californin, Berlelcy

Quartser 1 Quarter 2 i Quarter 3 Quarter 4 Year 1
Tasks Oct-Dac 1999 Jan-Mar 2000 °  Apr-Jun 2000 JLII-S_ept__IZOOO Total
[Task 1 18,072 20,348 : 18,480 22083 73,982
Task 2 - - - - -
Task 3 - - - - -
Task 4 - - - - -
Task 5 - - - - -
Project Mgt. Task - - - - -
Grand Totals $ 18,072 20,348 § 18,480 | $ 22,083 | $ 78,981
Quarter 5 Quarter 6 Quarter 7 Quarter 8 Year 2
Tasks Qct-Doc 2000 Jan-Mar 2001 Apr-Jun 2001 Jul-Sept 2001 Total
[Task 1 16,808 - - - 16,398
Task 2 3,788 26,606 28,823 22272 82,585
Task 3 - - - - -
Task 4 - - - - -
Tagk 5 = - - - -
Project Mgt. Task - - - - R
Grand Totals $ 20,683 26,605 : $ 28,923 | % 22272 | $ 99,483
Quartgr 9 Quarter 10 Quarter 11 Quarter 12 Yaar 3 Grand
Tasks Qct-Dec 2001 Jan-Mar 2002 Apr-Jun 2002 Jul-Sept 2002 Total Totals
Task 1 - ) - - - - 95 881
Task 2 7,678 3,501 - - - 11.07¢ 93,564
Task 3 18,452 18,481 ; - - 36,903 36,903
Task 4 - - 17,124 - 17,124 17 124
Task 5 B - - 17,124 17,124 17124
Project Mgt. Task - - - - - -
Grand Totals $ 26,030 21,952 | 5 17,124 | § 17,124 | § 82,230 | § 280,696
Il —01896 4
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QUARTERLY BUDGET

University of Maine

Principal Invesilgator:

Doanald P. Weston, Ph.D.
University of California, Berkeley

[ Quarter 1 Quarter 2 Quarter 3 Quarter 4 Yoar 1
Tasks Oct-Dec 1999 Jan-Mar 2000 Apr-Jun 2000 Jul-Sept 2000 Total
Task 1 - - 8,488 ] - 6,468
Task 2 - - - - -
Task 3 13,634 13,633 7,167 13,6833 48,067
Task 4 - - - - -
Tagk 5 - - - - -
Project Mgt. Task - - - -
Grand Totale 13,634 13,633 | § 13,635 [ § 13,633 § 54,635
H Quartar 5 Quarter 6 Quartar 7 Quarter 8 Yoar 2
) Tasks Oct-Dec 2000 Jan-Mar 2001 Apr-Jun 2001 Jul-Sept 2001 Total
Task 1 - - - - -
Task 2 - - - - -
Task 3 14134 14,134 14,134 14,134 58,636
Task 4 - - - - -
Task § - - - - -
Froject Mgt. Task - - - - -
Grand Totals 14,134 14,134 | § 14134 | § 14,134 | § 58,536
Quartar 9 Quarter 10 Quarter 11 Quarter 12 Year 3 Grand
Tasks Qct-Dec 2001 Jan-Mar 2002 Apr-Jun 2002 Jul-Sapt 2002 Total Totals
Task 1 - - - - - 6,468
Tagk 2 - - - - - -
Task 3 14,451 14,451 14 451 14,451 57,804 162,407
Task 4 - - - - - -
Task 5 - - - - - -
Project Mgt. Task - - - - -
| grand Totats 14,451 14,451 | § 14,451 | $ 14,4517 % 57,804 168,878
Il —018965
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University of Maryland Ref. No. [UMCES]JCBL 99-0033
Center for Environmental Science '
Chesapeake Biolagical Laboratory
P.0.Box 38
" Solomons, Maryland 20688-0038

PROPOSAL

A Subcontract Submitted (o the University of California-Berkeiey

A New Approach to Assess the Effect of Ecosystem Restoration Efforts
on Contaminant Bicavailability

April &, 1999

e

Robert P. mﬁn, Principal Investigator
Chesapeake Biological Laboratory

APPROVALS: |

KR T, JRER. Donald £ Bready,
Kenneth R. Tenére, Director Donald F. Boesch, President
Chesapeake Biological Laboratory Center for Environmental Science
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PROPOSAL TO:

FROM:

SUBJECT:

PERIOD:
FUNDS REQUESTELD:

PRINCIPAL INVESTIGATOR:

APPROVED FOR SUBMISSLION:

University of California
Sponsored Programs Office
336 Sproul Hall '
Berkeley, CA 94720-5940

Office of Research and
Sponsored Programs

Room 408

University of Maine

5717 Corbett Hall

Orono, ME 04469-5717

Assess Effects of Ecosysiem
Restoration - Bicavailability

10/01/1999 to 09/30/2002
$168,875

Tawrence Mavyer
University of Maine
School of Marine Sciences
Darling Marine Center
Clarks Cove Road
Walpole, ME 04373

Kos B Litomed

Paul D. Uttormark, Director
Office of Research and
Sponsored Programs

¥-§-17

Date
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UNIVERSITY OF CALIFORNIA, D AV1S

BERKELLY - DAVIS - TRVINE » LOS ANGELES » RIVERSIDE » SaN DIEGD * SAN FRANCISCO SANTA BARBARA « SANTA CRUZ

XTMENT OF TNVIRGNMENTAL SCTENCE ANI POLICY QNE SHIELDS AVENUE
DEPATTMERT GEEH . DAVIS, CALIFORNIA 95616-8576
4/13/99

Dear CALFED administrators and proposal reviewers,
We are writing in support of the following April 1999 proposal submission entitled: A new approach
gSSE IR + L - 5 E11] £ O~ 4 ) B0 D11 ORLALIAL 2104

) = 1t ! -~ B ]
Principal Investigators Donald Weston, Robert Mason, and Lawrence Mayer.

We believe that this proposed work will provide a valuable addition to the CALFED effort in the area of
Warer Quality. We are impressed with the potential ecological relevance of this novel approach and can
see a great potential benefit to existing CALFED Water Quality related projects. In particular, our
extensive involvement in questions of heavy metal bioavailability in the Bay-Delta system and its
watershed could link very strongly to this proposed work. In our ongoing CALFED project looking at the
potential methyl mercury consequences of Bay-Delta wetlands restoration efforts, a major focus involves
the determination of relative methyl mercury production and associated mercury bicavailability in a wide
variety of Delta sites which define a range of restoration endpoints in the system. We are going to great
lengths to utilize ecologically relevant measures, Collaborative work by Weston, Mason, and Mayer
would provide an additional measure that could be highly relevant to these questions. These investigators
have expressed considerable interest in linking their project, where appropriate, to our ongoing Delta
meroury project. Their additional interest in selemium and potential selenium:mercury intezactions, in
relation to subsequent bioavailability, links directly to a major hypothesis we are testing for CALFED.

The proposed project is also highly relevant to the extensive mercury-related Dirccted Action being
developed by CALFED at this time, in which our UC Davis research team will work on upsoream (Cache
Creek watershed) questions of (1} source material relationship to methylation and (2) mophic mercury
inter-relationships. A number of other rescarch groups will work on additional important aspects of
mercury loading, mass balunce, and downstream effects. As a mujor impetus for this Directed Action is
ihe desire to provide more ecologically relevant input to inevitable future TMDL legislation for mercury,
the polential benefits of the proposed project are clear. Development of & novel but rcliable new measure
of relative sediment contarrinant bioavailability that is specificaily based on ecological relevance could have
widespread application.

The submitting investigators are highly esteerned in the research community. The work they are proposing
iy not preliminary in nature, but follows on several years of promising initial testing and development.
These researchers have clearly passed the selection criteria of numerous Federal and other funding sources
for prior and ongoing related work. Their application for transfer of this developing technology to Bay-
Delta watershed problems should be considered seriousty. We are in strong support of this proposal,

. Darell G. Slouon
Dept. of Environmental Science and Policy

%MFW

Dr. Thomas H. Suchanek
DPept, of Wildlife, Fish, and Conservation Biology

I —0189638
|-018968



UNIVERSITY OF CALIFORNIA, BERKELEY

BERKELEY -

DAVIS » IRVINE » [OS ANGELES * RIVERBIDE + SAN DIECD » SAN FRANCISCO SANTA BARRARA = SANTA CTRUZ

ENVIRONMENTAL MAILING ADDRESS:
ENGINEERING AND HEALTH SCIENCES UNIVERSITY OF CALIFORNIA
LABORATCRY 1371 §. {4 STREET. BLDG. 112

RICHMOND, CALIFORNIA 94804-4603
(510 2319516 FAX (510) 231-5764

Dr. Donald Weston Apr“ 14, 1999
Dept. Integrative Biology

University of California

3060 Valley Life Sciences Bidg.

Berkeley, CA 94720-3140

Dear Dr. Weston:

Thank you for speaking 1o me about your proposed CALFED project, "A
new approach to assess the effect of ecosystem rastoration etforts on
contaminant bioavailability™. 1 understand that the work includes a field
validation task in which you would intend to use your new appraach 1o evaluaie -
the hicavailability of selenium in the pond siudges of our Algal-Bacteria
Selenium Removal (ABSR) system. In view of the complex chemistry of
selenium, techniques to evaluate selenium bicavailability are of great interest,
and | strongly support your efforts. | certainly think it valuable to link your
proposed CALFED project with our existing program. You are welcome 10
collect samples from the ABSR system, and | lock forward to seeing your
results. If | can help you in any other way please let me know.

Sincerely yours,

-

By _
- /ze/[éﬁwf L(MV&(L
william J. Oswald, Ph.D. . .

Professor Emeritus
Environmenta! Engineering and Public Health
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UNIVERSITY OF CALIFORNIA, DAVIS

RERKFLEY « DAVIS « IRVINF 1 LOS ANGELLES « RIVERSIDE - SAN DMEGD « SAN FRANGISCO SANTA BARBARA « SANTA CRUZ

CENTERS FOR WAITER ANO WILDLAND RESOURCES
OFFICE OF THE NMRECTOR

153m 728070

FAX: 1530 T32-M086

CwWwR@ucdavis.edu

(NE SHIELDS AVENUE
DAVIS, CALIFORNIA 45616-8750

eni‘af)'c;a\ 'R” PNPoScJ r.“"' s‘J‘mm

Docen

April 7, 1999 - £

v 2 g B0 » o0
Professor Donald Weston
Dept. of Integrative Biology
1005 Valley Life Sci Bldg. #1005
University of California
Berkeley, CA 94720

Dear Prolcssor Weston:

1 am picased to inform you that the Water Resources Center Coordinating Board has approved
funding for your project entitled Enhancing the Utility of In Vitre Digestive Fiuid Extraction as a
Management Tool for Contaminated Agquatic Sediments beginning July 1, 1999. Your project
numhbcr is W-927. :

Because of the large number of good project proposals submitted, some budgets have been lowered
to allow the funding of more projects. The maximurn anmual budget allocated to any project
including yours is $26,500.

¥ou will be contacted later to get & departmental account number 1o transfer funds into. You will also
be usked to report the amounts you wamt allocated to the various budget categories.

Tn accepting these funds you are committing yourseif to submit an anpual progress report by July 15,
2000, July 5. 2001, and a final technicul completion repott by September 1, 2001. Second year
funding will only be allocated if the annual report is submitted on time.

As a matter of policy, we limit travel funds to monies required for the actmal conduct of research and
funds to support travel Lo professional meetings where the results of Center sponsored research are
heing presented. Should you find that you will be presenting the results of this research at a
protessional meeting during the coming year, you may apply to the Center for a supplemental travel
allowance. In applying, you shouid provide evidence that the travel is for disseminating the tesulis of
the research.

Future money may also be available for publication resuiting from vour research when such
publications have bosn accepled or are actually published. At such time, you may apply to the
Center for publication costs.

Congratulations on submirting an excellent proposal.

Y A S

Migud]l A, Marifio
Interim Associate Director

cee Department Chair -
Contracts and Grants Office

MAM:jw

e I ————— e e —
\WATER RESOURCES CENTER WILGLAND BESOURCLES CENTER SALINITY & DRAINAGE PROGRAM WATER OUAL(TY PROGRAM
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LOCAL NOTIFICATION

The following letter has been sent o the County Board of Supervisors and the County Planning
Department in Contra Costa, Madera, San Joaquin, Solano and Yolo counties.

Dear Sirs:

The University of California, Berkeley is submitting a proposal to CALFED entitied "A
New Approach {o Assess the Effect of Ecosystem Resioration Efforts on Contaminant
Bioavailability". CALFED has requested thatali investigators submitting proposals to CALFED
notify the Board of Supervisors and Planning Deparlments in counties in which work will be
conducted. This letter serves (o provide that notification.

The proposed project is a collaborative cffort among investigators at the University of
California, University of Maryland, and University of Maine. We are developing a new extraction
technique that can be used to determine how much of the mercury or selenivm in a sediment
sample might be available for bioaccumulation by organisms. Part of the proposed work involves
collection of sediments throughout the Delta, Sacramento and San Joaquin Rivers,and itis
possible that we may be collecting from water bodies within the boundaries of your county. No
work will be done on site other than collection of sediment, and we will transport the sediment o
the laboratory for our studies.

CALFEED will make the funding decisions later this summer, and if our study is funded,
work will be performed from fall 1999 through fall 2002. If you have any questions please call
me at 510-231-5624. ' .

Donald P. Weston

The following letter has been sent to the Delta Protection Commission and Bay Conservation and
Development Commission.

Dear Sirs:

The University of California, Berkeley is submitung a proposal to CALFED eniitled "A
New Approach to Assess the Effect of Ecosystem Restoration Efforts on Contaminant
Bioavailability". CALFED has requested that all investi gators submilting proposals to CALFED
notify the Commission of the proposed work. This letter serves 1o provide that notification.

The proposed project is a collaborative effort among investigators al the University of
California, University of Maryland, and University of Maine. We are developing a new extraction
technique that can be used to determine how much of the mercury or selenium in a sediment
sample mi ght be available for bioaccumulation by organisms. Partof the proposed work involves
collection of sediments throughout the Delta, Sacramento and San Joaquin Rivers. No work will
be done on site other than collection of sediment, and we will transport the sediment to the
laboratory for our studies.

CALFED will make the funding decisions later this summer, and if our study is funded,
work will be performed from fall 1999 through fall 2002. If you have any questions please call
me at 510-231-3626.

Donald P. Weston ,
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APPLICATION FOR
FEDERAL ASSISTANCE

OMB Approval Ne. (348-0043

2. DATE SUBMITTED Application |dentilier

1, TYPE OF SUBMISSION.
Apptication
[ Construction

Prespplicefion
7 Constructon

B2 Nen-Construction ] Non-Construction

2 DATE RECEIVED BY STATE Slale Application [dentifier

4. DATE RECEIVED 3Y FEDZRAL AGENCY Feders! Idantifier

5, APPLICATION INFORMATION

iegal Name
The Recents of the University of California

Organizatlonal U.n\t

University of Califomia, Berkeley; Dept. of Integrative Biology

Addrase (give city, county, state, and Zip code)
University of California, Berkeley

application (give area code)

Nama ang welephone number of the person lo be cantacted on mattérs involving this

Sponsored Projects Cffice Administrative Contact Technical Contact
328 Soroul Hall, Alameda County Lynn Deez Donald P, Weston, Ph.D.
Berkeley, CA 84720-3840 {510) 643-61123 510-231-5626
5. EMPLOYER [ICENTIFICATION NUWMBER {EIN): 7. TYPE QF APPLICANT. (entar 2ppreprats letter in box) Li_l
glal_[6]0t072 1 2 3 b, State H. Independent Sehool Dist.
_ E. County |, State Conirolled Institution of Higher Leamirg
C. Municipal J. Private Liniversity
8. TYRE CF APPLICATION: D. Township ¥, Indian Tripe
. . E. Interstate L. Individust
& New 7] Contnuation L Revision F. Imamunicipal M. Prafit Organizatlan
If Revigion, enter appreoriale ketier(s) in boxes(es) D D G. Spacial District N. Other (Specify).
8 Increase Award B. Decrsase Award C. Increasa Duration 9, NAME OF FEDERAL AGENCY:
[ Dacrease Dusation Qiner (spacifyk: CALFED

“0. CATALDG OF FEDRRAL DOMESTIS
ASSISTANCE NUMBER:

L1 el

77, DEGCRIPTIVE TITLE GF APPLICANT S PROJECT:

TTLE:

on Contaminani Bicavailability

12, AREAS AFFEGTED BY FROJECT (cites. countiss, statés, aic.)

A New Approach to Assess the Effacts of Ecosysten Restoration Efforts

Calfiornia
FOP-IL
13. PROPOSED PROJECT: 14, CONGRESSICNAL DISTRICTS OF:
Starl Dale £nding Date a. Appiicant b. Project
10/01/99 8/30/02 Bth éth
15. EST.MATED FUNDING: 15, 15 APCLICATION SUBJECT TO REVIEW BY STATE EXECUTIVE ORDER 12372 PRUGESS? )
2 Federal $711.773 a. YES. THIS PREAPPLICATION/APFUCATION WAS MADE AVAILABLE TG THE
' $TATE EXECUTIVE ORDER 12372 PROCESS FOR REVIEW ON:
1 b. Applicant § 53,000
DATE
c. Slate $ .
) b ND. X FROGRAM IS NOT COVERED BY E Q. 12372
‘| d. Locai
$ [ OR PROGRAMHAS NOT BEEN SELECTED BY STATE FOR REVIEW
0. Cther %
f. Program incoma $ 17. 15 THE APPLICANT DELINQUENT ON ANY FEDERAL DEET?
g. TOTAL $764,773 [ Yes [#*¥as" ariach an explenation, 5 Ne

. e S T
T8, 70 THE BEST OF MY KNOWLEDGE AND BELIEF, ALL DATA IN THIS APELICAT IONPREAPPLIGATION ARE TRUE AND CORRECT THE DOGUMENT FIAS BEEN DULY
AUTHCRIZED BY THE GOVERNING BODY OF THE APPLICANT AND THE APPLICANT WILL COMPLY WITH THE ATTACHED ASSURANCES F THE ASSISTANCE IS AWARDED

a. Typed Name of Authorized Reprosentative

b, Title

¢.. Telephone. number -

Lynn Deetz Senior Research Adm|mstralar (510) 643-6113
d. Gignature of. Authorized Reprasentative C /7’ 2‘7’ g. Date Signed
) C f A4/14/49
AT - .”:/“ < a .
Previols Editars ot Usable / Slandard Form 424

Prescribed by OMB Clrcular A-102

Authonzed for Local Repraduction

I —018972
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€2681 0—

£46810-

Donaid P. Weston, Ph.D.
University of Califomia, Berkeley

OMB Approval No. 0348-0044
BUDGET INFORMATION — Non-Cansiruction Programs ' :
7 ; i =

Grant Program Gatalog of Federal Estimated Unoblinated Funds New of Revised Budget
Function Domaestic Assistance
or Activity Numbsr Federal Mon-Federal " Federal Nen-Federal Total
{a) (b) 3] (d} {8) 4] {a)

1._Fcosystem Restoration Program $ 3 3 711,773 § 53000 | § 764,773
2.
| 3.
4

5, _TOTALS 711,773 53000 1§ 784,773

CRANT PROGRAM, FUNCTION OR ACTIVITY FOTAL
| 6. _Objegt Class Categorics {1} _Total Project (2) . (3) (4} (5) {8)
4 Personnel 88,649 [+ & O Q B8 649 |

b. Fringe Bendits 13,858 0 o o 0 13,858

c. Tiayel 5,400 o 0 : o o 8,400

d. Eguipment 35,000 a 1] 0 0 35,000

e, Supples 27,300 o 2 0 ] 0 27,300

I._Contrachal i 429,571 Q ] 2] o 429571

g._Construetion - 1] a [¢] 0 0 1]

n. Other 9,400 3] 1] 0 o 9,400

i. Total Direct Gharges (Sum ot da - Gh) - 612,178 Q h1] 1] o 612,178

j._indirect Charges 99.595 n 1] 0 i} 90 695

k. TOTALS (Sum of Bi and &) % 7i1,713 | % - $ - % - 5 ’ - $ 741,773

7. Program Income



726810

r.681L 0—

o

Donald P. Westan, Ph.D.

University of Califomia, Berkeley

- (A} G;ant P:~g[am - B t;T.;ppiimnl V ) Siate {d) Cther Sources {} TOTALS
8. Ecosystem Restoration Program 3 E3000 (% $ 53,000
9.
10 —
11.
12 TOTALS (sum of lines 8 and 11 - i 53,000 [ $ S 53,000
Total tor 1s!H “(ear 1st G:aneu_ 2nd c‘uaner. Ird Quarie 4th Quaner
13. Federal
] 272215 | § 68430 | & 62449 | § 86,363 54,964

14, NonFedaral
i

15. TOTALS (sum of lines 13 and

i FUTURE FLINDING P ERIODS [Years) -
{a) Grant Program (b} First ic) Second () Thind (e} Founth ) _Fiflm
16. Ecosystem Restoration Program 3 272,215] § 237,437 | § 202,121
7.
18.
18. -

20. TOTALS (sum of fines 16

21, Direct Charges:

$612,178

22

599,595

23. Pemarks:

{ndirect Ciosts are calculated gt a rate of 50.4% of Modified Total Direct Cosls fi.e., less equipmenl & less subconiract amounts over indial $25.000).

SF 424A (4-08) Pag 2
Preaciibed by OMB Chioular A-102
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State of California DEPARTMENT QF WATER RESOURCES The Resources Agency

Agreement No.

Exhibit

STANDARD CLAUSES -
INTERAGENCY AGREEMENTS

Audit Clause. For contracts in excess of $10.000, the contracting parties shall be subject to the examination
and sudit of the State Auditor for a period of three vears after final payment under the contract.
(Government Code Section 8546.7),

Availability of Funds. Work to be performed under this contract is subject to availability of funds through
the State’s normal budget process.

Interagency Payment Clause. For services provided under this agreement, charges will be computed In
accordance with State Administrative Manual Section 87532 and R752.1.

Terminstion Clause. Either State agency may terminate this contract upon 30 days advance writien notice.
The State agency providing the services shali be reimbursed far ali reasonable expenses incurred up to the
date of termination.

Severability. If any provision of this Agreement is held invalid or unenforceable by any court of final
jurisdiction, jt is the intent of the parties that all other provisions of this Agreemen be construed to remain
fully valid, enforceable, and binding on the parties.

Y2K Languaage. The Contractor warrants and represents that the goods or services sold, leased, or licensed
1o the State of California, its agencies, or its political subdivisions, pursuant to this Agreement are “Year
2000 compliant” For purposes of this Agreement, a good or service is year 2000 compliant if it will continue
w fully function before, at, and after the Year 2000 without interTuption and, if applicable, with full ability
to aceurately and unambiguously process, display, compars, calculate, manipulate, and otherwise utilize date
information. This warranty and representation supersedes all warranty disclaimers and limitations and all
limitations on liability provided by or through the Contractor. ’

DWR: 4187 (REV. 1/99)
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U.5. Department of the Interior

Certifications Regarding Debarment, Suspenston and
Other Responsibility Matters, Drug-Free Workplace
Requirements and Lobhying

Perscns signing this form should refar to the regulations
rafarenced beiow for complete instructions.

Certification Regarding Cebarment, Suspension, and Other
Raspansibility Matlers - Primary Covered Transactions - The
prospective primary participant further agrees by
submitting this proposal that it will inciude the clause
titleg, “Certification Regarding Debarmant, Suspension,
ineligibility and Voluntary Exsluslon - Lower Tler Covered
Transaction,"” provided by the department. or agency
gntering into  this covered transaction, without
modification, in all lower fier covered transactions and in
all solicitations for lower tier coverad transactions. See

Certification Regarding Debzmnent, Suspension, Inefigibitity
and Veoluntary Exclusion - Lower Tier Covered Transactions -
(See Appendix B of Subparl D of 43 GFR Part 12)

Certification Regarding Drug-Free Workplace Requirements -
Altemate |. (Grantees Other Than Individuals) and Alternate
Il. (Grantees Who are Individuals) - {See Appendix C of
Subpart D of 43 CFR Part 12)

Signature on this form provides for compfiance  with
cerification requirements under 43 CFR Parls 12 and 18. The
certificationz shall be treated as a material representation of
fact upcn which reliance will be placed when the Dapartmen!

af the Interior determines ta award lhe covered transaction,

below far language to be used; use this farm for cerification 4
grant, caoperative agreement or loan.

and sigrn; or use Department of the Intarior Form 1954 (Di-
1854). (See Aprendix A of Subpart D of 43 CFR Part 12))

PART A: Certification Regarding Debarment, Suspension, and Other Responsibility Matters -

Primary Covered Transactions

CHECK__IF THIS CERTIFICATION IS FOR A PRIMARY COVERED TRANSACTION AND IS APPLICABLE.
(1) The prospective primary participant certifies {0 the best of its knowledge and belief, that it and its principals:

(a) Ara not presently dedamed, suspended, proposed for debarment, declared ingligible, or veoiuntanly exciuded from
cavered fransactions by any Federal department or agency;

() Have notwithin athree-year period preceding this proposal been convicted of or had a civil judgment rendered 2gainst
them for commission ¢f fraud or a criminal offense in cennection with cbtaining, attempting to obtain, or perferming
a public (Federal, State or local) fransaction or contract under a public transaction; violation of Federal or Stats

antitrust statutes or commission of embezzlement, theft, forgery, bribery, falsification or dastruction of records, making
false sftatements, or receiving slolen property;

()  Are no! presently indicted for or otherwise criminally or civilly charged by a govarnmenlat enlty (Federal, State or
focaly with commission of any of the affenses enumerated in paragraph (1)(b) of this certficalion; and

(<) Have nat within a theas-year period preceding this applicaticn/proposal had one or ma-e public trarsactions (Fedaral,
State or ocal) terminated for cause or default.

(2} Where the prospective primary participant is unable to certify to any of the statemerts in this ceriification. such prospective
panicipant shall attach an explanation 10 this proposal.

PART B: Certification Regarding Debarment, Suspension, Ineligibility and Voluntary Exclusion -
Lower Tier Covered Trapsactions

CHECHK__IF THIS CERTIFICATICON iI§ FOR A LOWER TIER COVERED TRANSACTION AND IS APELIGABLE

{1) The prospective lower tier participant cerlifies, by submission of this proposal, that netther it ner its principais is presenf!‘r’
debarred. suspended, proposed for debarment, declared ineligible, or voluntarily excuded from participation in this
transaction by any Federal department or agency. o ‘

(2) Whers the prospective lower tier participant is unable te certify to any of the statements in this certification, such prospective
participant shall attach an explanation o this proposal.

LAl

Larch 1945
(Thia farm con asfi
LEASS ME19S

¢ O 1951, T 1954
and 31 VSED

s S
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PART C: Ceartification Regarding Drug-Free Workplace Requirements

CHECK _IF THIS CERTIFIGATION 1S FOR AN APPLICANT WHQ 15 NOT AN INDIVIDUAL,
Alternate |. (Grantees Other Than Individuals}
A The grantee certifies that it will or centinue ta provide a drug-free warkplace by

(a)  Publishing a statement notifying enployees that the unlawfLt manufacture, distribution, dispensing. pessession. or use
of a controiled substance is prehibited in the grantee's workplace and specifying the aclions that wili be {aken against
employees for violation of such prohibition;

(b) Establishing an ongeing diug-free awareness pragram to inform employees about—
(1) The dangers of drug abuse in the workplace:
(2) The grantee's policy of maintaining a drug-free workplace:
{3} Any available drug counseling, rehabfitation, and employee assistance programs; ang
(4) The penaliies that may be imposed upon empioyees for drug abuse violations oczUrTing in the workplaco:

() Making it a requircenent that each employse ta be engaged in the performance of the grant be givan g copy of the
statement required by paragraph (a); )

(d) Notifying the employee in the slatem entrequired by parzgraph (a) that, as a candition of employment unger the grant,
the employee will -
(1) Abide by the terms of the statement; and
(2} Notify the employer in writing of his or her convietian for a violation of a criminal drug statute occurring in the
workplace no fater than five calendar days after such canvistion;

(el Notifying the agency in writing, within ten calendar days after receiving notice under subparagraph (d)(2) rom an
emplayee or atherwise receiving actuai natice of such cenviction.  Employers of eonvicled employees must provide
notice, including pesition title, (o every grant officer on whose grant actvity the convicted employee was working,
unless the Federal agency has designated a centra point for the receipt of such nofices. Notice shall include the
identification numbers(s) of each affected gran;

{f) Taking one of the following zctions, withi» 30 calendar days of receiving notice under subparagraph (dy(2), with
respect to any employee who is so convicted —
(1) Taking appropriate personnel action against such an emplayee, up io and including terminatian, consistent with
tha requirements of the Rehabilitation Act of 1873, as amended; or
(8) Requiring such employes to participate satisfactoriy in a drug abuse assistance or rehabilitation program
appraved for such pPurpozas oy a Federal, State, or igcal heaith. law enforcement, or other appropriate agercy,

(g} Making a goed faith effort 1o continue to maintair a drug-fres workplace thiough implementation gf paragraphs (a)
{b), (), (), (e) and (f},

8. The graniase may insert in the space provided below the site(s far the perfarmance of wark done in connection with he
specific grant:

Place of Performance (Street zadress, City, county, state, Zlp code}

Check__ if thers are workpizces on file that are not identificd here.

FART D: Certificatian Regarding Drug-Free ¥Workplace Requircments

CHECK__IF THIS CERTIFICA TION 15 FOR AN APOLICANT WHO 18 AN INDIVIDLAL,

Alternate . {Granless Who Ara Individualis)

[a) The grantze cerlifins that, as a conaticn of (e arant. he or she will not engage in the unlawful manufacture,
distribution, dispensing. possession, or use of & controlled substance in conducling any activity with the grant;

[te3] If convicted of a criminai drug offense resulting from a vialaticn Geourning during the conduct of any grant activily, he
o she will report the CenVIStion, in writing, within 10 calendar days af the conviction, 1o the grant officer or other
designee, unless the Federal agency desigrates g cantral pont far the receint of such natices. When notice is mace
o such a central point, # shall include the identification numser{s) of each afedted gran
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FART E; Certification Regarding Lobbying
: Certificatian for Contracts, Grants, Loans, and Cooperative Agreaments

CHECK __IF CERTIFICATION IS FOCR THE AWARD OF ANY OF THE FOLLOH’I‘N;'S AND
THE AMOUNT EXCEEDS $100,000. A FEDERAL GRANT OR CODPERATIVE AGREEMENT:
SUBCONTRACT, OR SUBGRANT UNDER THE GRANT OR COOPERATIVE AGREEMENT.

CHECK __ IF CERTIFICATION IS FOR THE AWARD OF A FEDERAL
LOAN EXTEEDING THE AMOUNT OF $150,000, OR A SUBGRANT R
SUBCONTRACT EXCEEDING §100,000, UNDER THE LOAN,

The undersigned cartifies, to the best of his or her knowledge and belief, that;

(1) No Federal appropriated funds have teen paid or will be paid. by or on behalf of the undergignad, ta any person for
influencing or attempting lo influence an afficer or employee of an agency, a Membar of Congress, and officer or empleyee
of Congress, or an employee of a Member of Congress in connection with the awarding of any Federal contract, the making
of any Fedaral grant, the making of any Federal loan, the entaring into of any cooperalive agreement, and the extansion,
continuation, renawal, amendmfant‘ or modification of any Federal contract, grant, loan, of cooperalive agreement,

(2y !f any funds other than Federal appropriated funds have been paid or will be paid to any person for influencing or attempting
ta influence an officer or employes of any agency, a2 Member of Congress, an officer or employse of Congress, or an
employee of a Member of Congress in connection with this Federal contract, grant, loan, or coaperalive agreement, the
undersigned shall complete and submit Standard Form-LLL, "Disciosure Form to Report Lobbying,” in accordance with its
instructions.

(3)" The undersigned shall require that the language of this certification be includad in the award documants for all subawards

at all tiers (including subcontracts, subgrants, and contracts undear grants, loans, and cooparative agreements) and that all -

subrecipients shal! certify acoordingly.

This ceriification is a material representation of fact upon which reliance was piacad when this transaction was made or enlered
mto. Submission of this certification is a prerequisite for making or entering into this transaction imposed by Section 1352, title
31, U.8 Code. Any person who fails to file the raquired certification shalt be subject 10 a civil penalty of not less than $10,000
ard not mare than $100.000 for sach such failure.

As the authorizec certifying official, [ hereby cerlify that the above spacified cedifications are true

! /’,_7 j -
SISNATURE OF AUTHORIZED CERTIFYING OFFICIAL '7,,%”, ;/’y; (}7?’ Zf’
5 7

(.
Lyn E. Doelt ¢ N
TYPED NAME AND TITLE ‘ Seniar Research Administrator

DATE Lr}// /.Zf-/ /ﬁ?/;;?}.
; T T
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ASSURANCES - NON-CONSTRUCTION PROGRAMS

QOMB Approval Ng. 03ag

Public reporting burden for this collection of informatian is estimated to avarage 15 minutes per responss, including time for reviewing
“|instructions, searching existing data sources, gathering and maintaining the data needed. and completing and reviewing the collection of
information. Sand cammants regarding the burden estimate or any othar aspect of this collection of information, including suggestions for
reducing this burden, to the Office of Management and Budget, Paperwork Reduction Project (0348-0040), Washington, DC 20503,

PLEASE DO NOT RETURN YOUR COMPLETED FORM TO THE OFFICE OF MANAGEMENT AND BUDGET.
SEND IT TO THE ADDRESS PROVIDED BY THE SPONSORING AGENCY.

NOTE: Certain of thesa assurances may not be applicable ta your project or program. {f you have guestions. please cartact the
awarding agency. Further, certain Fedaral awarding agencies may requirg applicants to certify to additional assurances. If such

As the duly authorized representative of the applicant. [ certify that the anplicant:

1.

is the case, you will be notified.

Has the legal authority to apply for Federal assistance
and the institutional, managerial and financial capability
{including funds sufficient to pay the non-Federal share
of project cost) to ensure proper planning, management
and completion of the project described in this
application.

Will give the awarding agency. the Compiraliar General
of the Uniled States and, if appropriate, the State,
threugh any authorized representative, access to and
the right to examine all records, books, papers, or
documents related to the award; and will establish a
proper accaunting system in accordance with generally
accepted accounting standards or agency dirsctives.

Will establish safeguards to prohibit employees from
using their positions for a purpose that constitutes or
presents the appearance of personal or organizational
cenfiict of intarest, or personal gain.

Will initiate and complete the work within the applicable
time frame after receipt of approval of the awarding
agency.

Will comply with the Intergovernmental Perschnel Act of
1970 (42 U.3.C. §54728-4763) relating to prescribed
standards for merit systems for programs funded under
one of the 19 statutes or regulalions specified in
Appendix A of OPM's Standards for a Merit System of
Persennel Administration (5 C.F.R. 900, Subpa:t F).

Will comply with all Federal statutes relating to
nondiscrimination. These include but are not limitad ta:
{ay Title VI of the Civil Rights Act of 1964 (P.L. 88-352)
which prehibits discrimination on the basis of race, color
or national origin; (b) Title X of ths Education
Amendmeants of 1872, as amended (20 U.S.C. §§1681-
1683, and 1885-1688), which prohibits discrimination on
the basis of sex; (c} Sedtion 504 of the Rehabilitation

“revious Edition Usable

| _

Autharized for Local Reproduction

Act of 1973, as amanded (29 U.5.C. §794), which
prohibits discrimination on the basis of handicaps; (d)
the Age Discriminalion Act of 1975, as amended {42
U.5.C. §§6101-6107), which prohinits discrimination
on the basls of age; (¢) the Drug Abuse Office and
Treatment Act of 1972 (P.L. 92-255), as amended,
relating to nondiscrimination on the basis of drug
abuse; (f) the Comprehensive Alcchol Abuse and
Aleoholism Prevention, Treatment and Rehabilitation
Act of 1970 (P.L. 91-G18), as amended, reiating to
nondiscrimination on the basis of alcohol abuse or
alcohalism; (g) §§523 and 527 of the Public Health
Service Act of 1912 {42 U.3.C. §8290 dd-3 and 290 ee
3), as amended. relating 1o confidentiality of alcohol
and drug abuse patient records: (h) Title VIl of the
Civit Rights Act of 1968 (42 U.3.C. §53601 et seq)), as
amended, refating 1o nondiscrimination in the sale,
rental ar financing of housing; () any other
nondiscrimination provisions in the specific statula(s)
urder which application for Federal assistance is being
made:  and, (j} the reguirements of any other
ncndiscrimination statute(s) which may apply to the
appiication,

Will comply, or has already complied, with the
requiraments of Titles 1| and [l of the Uniform
Relocation Assistance and Real Property Acquisition
Palicies Act of 1970 (P.L. 81-646) which provide for
fair and equitable treatment of persons displacad or
whose property is acgured as a result of Federal or
faderally-agsisted programs, These requirements apply
to all interests in real property acquired for project
pumoses regardless of Federal paricipation in
purchases.

Will comply, as applicable, with™ provisions of the
Hatch Act (5 U.8.C. §§1501-1508 and 7324.7328)
which fimit the pelitical activities of erployees whose
principal employmant activities are funded in whole or
in part with Federal funds.

Standard Form 4248 (Rev. 7-87)
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- 4.

10.

11

Will comply, as applicable, with the provisions of the Davis-
Bacon Act (40 U.S.C. §§276at0 276a-7), the Copeland Act
(40 W5.C. §276c and 18 U.8.C. §874), and ihe Contract
Wark Hours and Safety Standards Act (40 U.S.C. §§327-
333), regarding labor standards for tederally-assisted
canstruction subagresments.

Wiil comply, if applicable, with flood insurance purchase
requirements of Section 102(a) of the Fleod Disaster

‘Protection Act of 1973 {P.L 93-234) which requires

recipients in & special flood hazard area to participate in the
program and to purchase flood insurance if ine total cost of
insurabie construction and acquigition is $10,000 or more.

Will comply with environmental standards which may be
prescrived pursuanl 1o the following: (&) institution of
environmental guality control measures under the Natienal
Environmental Policy Act of 1988 (P.L. 91-180) and
Executive Qrder (EQ) 11514; (b) notification of violating
facilities pursuatit o EO 11738, (z) protection of wetlands
pursuant to £0 11990; (d} evaluation of flood hazards in
fipodplains in accordance wilh EC 11988; (e) assurance of
project consistency with the approved State management
program developed under the Coastal Zone Management
Act of 1972 (16 LL.S.C. §§1451 &t seq.) (f) conformity of
Federal actions to State (Clean Air) Implementation Plans
vnder Section 176(c) of the Clean Air Act of 1955, as
amerded (42 US.C. §§7401 et sag.); (g) protection of
undergreund sources of drinking water under the Safe
Drinking Water Acl of 1974, as amended (P.L. 93-523);
and, (h) protection of endangered species under the
Endangered Species Act of 1973, as amendedg (P.L. 93-
205).

13.

14.

15.

16.

17.

Will comply with the Wild and Scenic Rivers Act of
1868 (16 U.S.C. §§1271 et seq.) related to protacting
componsnta or potential components of the national
wild and scenie rivers system.

Will aesist the awarding agency in assuring compliance
with Section 108 of the National Historic Preservation
Act of 1966, as amended (16 U.5.C. §470}, EQ 11593
{identification and protection of historic properties), and
the Archaeological and Historic Presarvation Act of
1974 (16 U.5.C. §5468a-1 el seq.).

Wil comply with P.L. 93-348 regarding the protectian of
human subjects involvad in research, development, and
relatad activilies supportad by this award of assistance.:

Wil comply with the Laboratory Animal Welfare Act of
1966 (P.L. 89-544, a8 amended, 7 U.5.C. §§2131 et
seq.) pertaining to the care, handling, and treatment of
wanm blooded animais held for research, leaching, or
other activilies supported by this award of asgistance.

Wil comply with the Lead-Based Paint Poiscning
Prevention Act {42 U.S.C. §84801 et seq) wiich
prohibits the use of laad-based paint in construction or
rehabilitation of residence structures.

Will cause t0 be performed ihe reguired financial and
compliance audits in accordance with the Single Audit
Act Amendments of 1896 and OMB Circular No, A-133,
*Audits of States, Local Gavernments, and Nan-Profit
Qrganizations.”

18, Wil comply with all applicable requirements of all other
Federal laws, executiva orders, regulations; and policies
governing this program.

TSIGNATURE OF AUTHORIZED CERATIFYING OFFICIAL TITLE

£, Deett
gmm Rasearch Ddimriclalor

B

, arp s
. € lag” Y

APPLICANT ORGANZATIGN

[WE REGENTS OF THE UNIVERSITY OF CALIFQRNIA

DATE SUBMITTED

Yo [ 7]
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