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EXECUTIVE SUMMARY

Ecosystem restoratton efforts often modify the physical and chemical conditions in an
environment so as to alter the bioavailability ot contaminants in the system. Flooding of
agricultural lands to creale wetland habitat can remobilize soil-hound pesticides or heavy metals.
Changes in the input of organic matter, as might accompany water flow or land use changes
through ecosystem restoration, would alter the bioavailability of contaminants capable of
chemically interacting with organic carbon, For example, bioavailability of methylmer~ury is
highly dependent upon the concentration of organic carbon, and restoration efforts that reduce
organic input could have the unintended consequence of increasing mercury bioavuilability. In
countless restoration scenarios, there is a need to quantify cantaminnnt bioavailability and the effect
of habitat modifications on this peramctcr in order to protect the very species on which restoration
activities are focused.

We propose a novel approach to measure the bioavallability of sediment-associated
contaminants that can be used in support of ecosystem restoration actions. It is genel~ally accepted
that chemical measures of contaminant concentration provide environmental managers little useful
information on contaminant bioavailability simply because the exotic solvents used in conventional
chemical analyses extract far more of the contaminant than biota are capable of accumulating.
Therefore we employ digestive fluid, and ultimately a synthetic equivalent of that fluid, as a
biologically relevant extraetant. The sediments of ctmcern are incubated in vitro in the raid, and
the proportion of contaminant extractable is a measure of bioavailability. Our work over the past
few years h~s shown that the digestive fluid assay is far superior to conventional chemical analysis
in predicting bioavailability, and even has significant advantages over whole animal
bioaccumulation testrag 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 morn traditional measures of bioavailability.
The U.S. Navy has supported the work for assessment purposes at naval bases with a wide range
of organic and heavy metal contaminants, and in these tests the digestive fluid approach proved an
excellent predictor of heavy metal bioavailability to a clam. Finally, we have used the technique to
measure the bioavallability of mcthylmemury to amphipods, and found a high degree of correlation
bet~veen methylmercury extraction by digestive fluid and btoaccumulation by. amphipods, All these
recent studies have demonstrated that the technique can provide a measure of bioavailability with
many significant advantages over current techniques, and that ~ is applicable to the types of
contaminants of concern to CALFED and its member agencies.

Wc propose to demonstrate the utility of this technique in quantifying the bioavailability of
sediment-associated mercury and selenium, two elemenls of considerable concern in the San
Francisco Bay Delta and its tributmhes. 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 s~diment during feeding, are
suspected to be at risk in San Francisco Bay because of high tissue selenium levels, and are of
general concern becau.se of the recreational fis hing in the Bay-Delta which it supports. Our
studies, however, are not sturgeon-limited, for we have substantial data that will allow
extrapolation to other species, and ultimately we will develop a synthetic digestive fluid for use in
sediment assessment that will b~ modelled after ll uids [’r~m multiple sediment-ingesting species.

We propose a two year lab~rato~ effort to develop the approach for assessment of mercury"
and selenium bioavadaNlity, followed by a field demonstration in the third year in ct~llatx~ratiem
with on-going CALFED-supported studies where bioavailability questions are critical.

Task 1 - We will establish the extent of mercury and selenium desorptitn 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 to an
understanding of the environmental factors influencing mercury and selenium bioavailability,
and how this bioavailability depends upon the chemical species in which the element is found.
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We will also es "tablish the range of bioavallability typically encountered in the San Francisco
Bay watershed. Our 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 orgathc mercury, and <20% of the
inorganic selenium). We will also evaluate the utili~’ of the in vitro extraction in mimicking in
vivo digestive solubilization of contumniants.

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
incorporates only the first step, thus it is necessary to explictly test the presumption that all or
nearly all the solubilized con "taminant is subsequently absorbed. Work to date with other
conm.minants suggests that solubilization is the indeed the rote limiting step, but we need to
explicitly test this hyp~thesis f~r mcrcutT and selenium. Digestive "absorption of these
substances (both organic and inorganic forms) will be measured in both whole sturgeon and
also in perfused gut preparations. We will also examine how mercury and selenium
competitively interact with one another in solubilization and absorption processes.

Task 3 - Use of sturgeon digestive fluid t~r contaminant extraction is an essential initial step,
but broad adoption of a digestive fluid approach to measuring bioavuilabilty 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
estiraatang copper binavailability. In Task 3 we will initially study the mechanisms underlying
digestive solubilization of mercury and selenium. The results from the solubilization
mechanism work will enable us to design synthetic cocktails that contain the relevant
solubilizlng agents. These agents might ~ake the form of ertzymes, inert proteins, or other
chemicals/bioch cmicals found to play a role in gut dissolution of mercury and selenium.

¯ Task 4 - CALVED is currently funding a study of mercuD’ in restored wetlands, and an
important component of this project is how time since flooding and other environmental
conditions affect bioavailability of sedimentary mercury. In the on-going CALFED study
bioavallability is being quantified by bioaccmnulation in resident fish and invertabmtes. In
Task 4 we will assess mercuD’ bioavallability by in vitro digestive fluid extraction, using both
sturgeon digestive fluid and the aynthetic mimic, and compare results to the resident organism
bioaecumulation data. The intent of Task 4 and Task 5 below is to demonstrate application of
the digestive fluid ~chnology in an environmental restoration context.

Task 5 - CALVED is currently funding development of an Algal-Bacteria Selenium Removal
(ABSR) system to remove selenium from agricultural drainwater. The selenium removed from
these wastewaters accumulates i n sludges at the bottom of anaerobic ponds, and ultimately
therewill bea needle disposeofthese selenium-richaludges. Digestive fluid extraction
techniques provide a means to assess the bioavailability of selenifim from this material in order
to guide sludge management decisions. Of particular interest is how transfer of the sludges
from their current anaerobic environment to an aerobic environment might affect selenium
bioas’allability, and we will assess 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 bioavailability. Its utility has been demoustrated for other
contaminants, and we believe it has great potential for mercury and selenium as well. It could, in
fact, be applied to any other sediment-bound contaminant including hydrophobic pesticides and
other trace meml~. We believe it offers some significant axtvantages to other measures of
binavallability being used by CALVED and many other resource management agencies, and the
proix~sed laboratory development followed by field demonstration of its merits should provide the
basis for integration of the approach into environmental restoration.
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PROJECT DESCRIPTION
Assessing contaminant bioavailability is impertant to meaanring the success of restoration

and avoid harming the very species which the restoration is intended to enhance. Assessments of
environmental quality have genelally relied on chemical characterization of contaminant
concentration or biological measures of bioavailability, but both approaches have significant
shortcomings (discussed below). We have been developing a technique to measure bioavailabilit3’
of particle-bound contaminants by incubating the sediment in vitro with the digestive fluid of
deposit-feeding invertebrates and me~.suring the amount of contaminant that is solubilized in the
fluid. The approach mimics the digestive environment that a conlamii~ated particle would
encounter as it transits an organism’s gastrointestinal tract. Our work has shown that the
bioavailable 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 unde~tanding bioavailabi]it~
of PAH and certain metals (Table 1), and we have shown the technique to be an excelleat predictor
of mercury uptake by a benthic invertebrate (Lawrence el el., in press).

We prol:~se to develop the digestive fluid extraction technique to measure how restoration
activities affect contaminant bioavailabiliO’. We will focus on mercury (Hg) and selenium (Se),
rcvo substances of concern in the Bay-Delta system and of particular interest to (~ALFED. It is well
documented thin the diet is the dominant source for bioaccumulation of both Hg and Se (Phillips
and Buhler, 1978; Luoma, et el., 1992; Hall et el., 1997), and thus it is important to use a
bioavailability assay based on digestive resorption of the contaminants from food particles. Our
proposed research plan utilizes the digestive fluid sohibilization approach to achieve the following
objectives, each of which is described as a specific task below:
1) Assess the bioavailability of various organic and inorganic forms of Hg and Se in the diet with

respect to their relative exU~nts of solubilization within the gut environment; and determine the
effect of sediment properties (e.g., TOC, AVS, ~edox status, iron content, grain size) in
reducing or enhancing Hg and Se bioavailability;

2) Determine the digestive 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 extraetant that simulates the chemi stt3,’ of+ the gut environment, to estimate
the bioavailability of particle-bound contaminants to demersal-feeding fishes.

4) Test and demonstrate the utili~, of the digestive fluid approach in two on-going CALF-ED-
funded projects in which assessment of Hg or Se bioavailability is crucial.

Task 1 - Digestive so]ubilization: Given that digeslion is ~ tlz~minant route for Hg/Se uptake, it
follows that digestive solubilization will control or~anismal exposure. Any predictive
understanding of bicaccumulation must examine factors that control digestive solubitization. The
principal tool we will use for these studies is digestive fluid solubilization in which the sediment is
incubated in vitro in digestive fluid extracted from the orgamsm, and the extent of contaminant
solubilization from the matrix quanti fled. We will extract digestive fluid from the stomach of white
sturgeon (A.Ol;~d~ transmonlanus), sediment and gut fluid will be thcubated together, and then
centrifuged to recover the supernatant which is analyzed for Hg and Se.

For some tasks we will use contaminated field-collected sediments, but in some ceses we
will spike sediments with radioactive 203Hg or 75Se. Use of the radioactive forms allows spiking
at lower concentrations than would be achievable with stable isotopes, and gamma counting can be
done quickly and at lower cost. We have found that spiked and in situ-contaminantod Hg do not
differ in extents of desorption from sediment, but wc will be aw~e of potential differences in
experimental design.

We ,,’,’ill begin this task with a series of incubations using sturgeon gut fiuids and sediments
collected 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 speeiation. The specieg of Hg and Se within these sediments will be quantified
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Table 1. ~blications by the co-i nvcstig~.tors pertaining to use of in vitro digestive fluid
extraction to measure the bioavailability of selected eantaminants.

POLYCYCLIC AROMATIC HYDROCARBONS

Weston, D. and L. Mayer. 1998. In vitro digestive fluid extraction as a measure of the
bioavailability of sediment-associated poly~’clic aromatic hydrocarborm: Sources of
variation and implications for partitioning models. Environ, Toxi¢ol. Chem. 17:820-829.

Wesloo. D. and L. Mayer. 1998. Comparison of in vitro digestive fluid extraction and
traditional in vivo approaches as measures of polycyclic aromatic hydrocarbon
bioavailabilit3’ from sediments, Environ. Toxicol. Chem. 17:830-840.

Lawrence, A.L. and R.P. Ivlason. in review. The effects of organic matter on the
bioavnilability of organic and inorganic mercury to the estuarlne amphipod ~
p2~ma~alg~s~. Environ. Sci. Technol.

Lawrence, A.L,, K.M. McAloon, R.P. Mason, and L.M. Mayer. in press. Intestinal
solubilization t)f particle-associated organic and inorgaafic mercury as a measure of
bioavailabilit3, to benthic invermbrates. Environ, Sci. Teehnol.

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

Chcn, Z., and L. Mayer. 1999. Sedimentary metal bioavnilability determined by the
digestive constraints of marine deposit fecders: gut retantion time and dissolved amino
acids, Mar. Ecol, Prog. Set. 176:139-151.

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

ORGANIC AND INORGANIC CONTAMINANTS

Mayer, L., Z. Chert, R. Findlay, J. Fang, S. Sampson, L. Sclf, P: Jumars, C. Quet~i,I,
and O. Donard. 1996. Bioavailability ofsedimentarycontaminantssubject todeposib
feeder digestion. Environ. Sci. Technol. 30:264J_-2645,

Weston, D.W. 1999. Bioavailability of trace metals and organic compounds from
Alameda Point sediments. Report to U.$. Navy from Univ, California, Berkeley, CA.

Weston, D.W. 1998. Measuring bioavailabilityofsediment-assoeiated contaminants.
I nteragency Ecological Program lor the Sacramento-San Joaquin Estuary Newsletter
11(3):12-13.
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(e.g., inorganic and methyl-Hg, selenate, selenite, organic selenites, elemental So). In evaluating
these sediments with sturgeon digestive fluid, our primary intent is to test for consistent patterns
(e.g., No,availability of organic vs. inorganic forms).

We will do experiments to investigate how the Noavailability (i.e. degree of solubilization)
of sediment-bound Hg and Se changes with organic matter content, AVS, Fe (oxide and sulfide
phi,sea), grain size and the concentration of potentially "competing" metals (Cu, Cd, Zn), and the
extent of interaction between these variables (e.g., the organic matter/AVS rat o; the AVStFe rat o).
Our past work on solubilization of Hg from sediments has shown that matrix effects (e.g., organic
carbon content, AV8) have an important impact on sohibilization. Many field studies have shown
that bioavailability of Hg is inversely proportional to sediment organic content (e.g., kangston,
1982; Muhaya et al., 1997). Initially we will look for correlations boP.roan digestive solubilizatien
and sediment properties among the field-collected material, but eventually we will advance to a
more manipulative approach in which wc alter diet properties in order to observe the response in
digestive solubilizatior~. To obtain sediments of internaediate characteristics, natural sediments can
be manipulated by the addition of muffled sand, organic matter, or by spiking with other metals.

We will establish if the extent of solubilization ob~rved 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 solubilization tasks.
We will perform in vitro extraction using sturgeon digestive fluid, and also feed gelatin-
encapsulated contaminatad sediment to live sturgeon (the encapsulation teehaique h~ 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.

’ , "v        " : Bioaccumulation is a two-step process ofdigeshve solubilization
followed by absorption of the contaminant across the gut wall. Our solubilization technique
incorporates only the first step, thus we must explicity test whether all the solubilized contaminant
is subsequently absorbed. As the first step, we will measure the dietary absorption efficiency of
Hg and So(both organicand inorganic forms) by sturgeon, iris our expectation from theliterature
that absorption effieiencies 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 at,, 1992),
Nevertheless, it is impolxant to demonstrate these relative differences for our particular organisms
as a foundation for other absorption tasks which follow.

Several sediments will be spiked with various form s of Hg and So, 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 intended Hg or Se species, The spiked material
will then be provided lo the test organisms and absorption efficieany measured by whole body
counting following a pulse chase procedure (Decho and Luoma, 1991). When measuring the
amount of rig 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 ip the intestinal lining whereas
mothy .Hg rapidly pa.sses across this barrier (Boudou et al., 1991). We will determineagreement
between the proportion of Hg and Se solubilized in an in vitro extraction, and absorption elf e ency
by the whole animal. Close agreement would indicate that sohibilization and not absorption is the
factor limiting bioavallability, and suggests that solubili7ation alone would predict bioavailability,

To supplemant 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 perl’used gut, which is clearly not
an adequate surrogate for the digeshve fluid of fish. We will extend the gust peffusion experiments
to the~ media and will use the gut of sturgeon in perfusion experiments.

We will also examine interactions between Hg and Se during solubilization and absorption.
Our preliminm)’ work has shown that the two elements seem to compete for the same digestive
ligands, such that the extent of sohibilization of one me ’tal 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 sediment.s.

Task 3 - Synthetic cocktail development: Use of sturgeon digestive fluid is an essential step, but
broad adoption of a digestive fluid approach to measuring bioavailabilty will require a broadly
available surrogate. Task 3 will develop a synthetic cocktail based upon tile enzymes and
surfactants naturaJly present in digestive fluid and important to solubilization of Hg and Se. To
understand solubilization mechanisms, we must fimt characterize gut fluid biochemistry. We will
measure pH, low- and high-molecular weight amino acids (TCA precipitation followed by HPLC),
selected enzymes (e.g. proteases), total dissolved organic carbon (by a Shimadzu 5000), dissolved
lipids at class level (by an Iatroscan M~-5), and suffactancy using contact angles (a measure ~l
potential for solubilization of h~mphobic substances; Mayer et at., 1997).

Our experience with cationic transition metals indicates that dissolved amino acids in gut
fluids act as potent flgends to solubilize these melals (Chert and Mayer, 1998). In the case of rig
and Se we ~uspeet that affinity for sulfur ligands will lead to cysteine andlor methionine as
important to selubilization. Acidic conditions in the fish intestinal tract ma), play a role, and in lhct
multiple solubilization mcchanisms may be involved, particularly for Se. We emphasize that this
ligand identificarion has impotent implications for prediction of sasceptible animal species. For
example, methionine is depleted in detritus (Mayer et el., 1995), so that animals feeding on detritus
may be less susceptible to inorganic Hg solubiliz.afion than animals feeding on cellular material
(e.g., carnivores, who feed upon methionine-rich proteins). We will test for these ligands by
performing blocldng experiments on suspected binding sites, such as by adding an organic moiety
that blocks thc ligand site (e.g., sulfhydryl groups), and perform sediment incubations using both
treated and untreated gut fluids.

The results from the solubili?ation mechanism work will enable us to design synthetic
cocktails that contain relevant solubilizing agents. These agents 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 lbund that cow blood protein, avaalable commercially as bovine serum albumin,
closely mimics 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
extensive 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 adequatoly mimic.

Tusk ~. - Field demonstrauon: Mercu~’: To demonstrate the many applications of the digestive
fluid approach in ecosystem restoration projects, two field tests of the technique are planned: one
with Hg and one with Se. CALFED is currently supporting work by UC Davis to measure
methyl-Hg production from refloodcd wetland s, 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 bioavailability. We will
collect sediment from these same sites and extract them with sturgeon digestive fluid and the
synthetic surrogate. The UC Davis team expects bioavallability of Hg from the various wetlands to
be variable depending on factors such as the time since flooding, salinit3’, soil organic matter
quantity and type, etc. This task will establish if thgestive fluid extraction predicts the relative Hg
bioavailability from the various wetlands as quantified by body burden of the resident organisms.

Task 5 - Field demonstration: Selenium: CALFED is currently supporting a pond system by UC
Berkeley investigators to remove Se from agricultural dralnwater; The Se removed accumulates as
sludges in anaerobic ponds, primarily as organoSe and elemental Se. With continued operation or
if this technology is adopted elsewhere, there will be a need to dispose of ~ese Se-riuh sludges.
Digestive fluid extraction technique provides ~t means to assess the bioavaitability 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 anrobie environment might affect
bieavailability. While this could not be addressed with conventional biological measures of

I --01 8949
1-018949



7

bioavailability because of the imp~:ssibility of maintaining aal reals under anaerobic condi fions, we
will Ix: able to determine how much of the Se is solubilizcd by digestive fluid and the surrogate
synlhetic cocktail when the extraction is performed anaerobically (under nitrogen). Repeating the
extraction after oxygen exposure will establish if bi~avadability is enhanced or mitigated by
oxidation, and guide decisions on how the Se-rich sludges are to be disposed of.

Location of prqiect -Work will be conducted in the labotatones of all project participants, but Tasks
1 int:lude~ field collection of sediment throughout the Delta and Sacramento and San Joaquin River
watersheds. Task 4 will be done in the Delta. Task 5 will be done in selanian~ removal ponds near
Firebaugh on the San Joaquiu River.

ECOLOGICAL/BIOLOGICAL BENEFITS

Ecological/Biological Objectives
Ecosystem restoration effort~ often change the rates of contaminant input intt, an

environment or mcnlify the physical and chemical conditions so as to make existing contaminants in
that system more or less bioavailable. Flooding of agricultural lands to create ~vetland habitat can
remobilize soil-bound con ’taminmats. Changes in the input of organic matter, as might accompany
water flow or land use changes through ecosystem restoration, would alter the bioavallability
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 No,available 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 ol" those efforts on contaminant
bioavallability.

Memury is a major contaminant of concern in the Bay-Delta system heaanse of on-going
releases from Hg mines within the watershed and the historical discharge of elemental Hg from
placer mining activities in the late 1800’s. Fish advisories have been issued in San Francisco Bay
because of high Hg in the tissue of rearantionally exploited species. Selenium is also of maj or
concern in the system due to inputs from agricultural irrigation in the San Joaquin drainage and oil
refining in the North Bay. Selenium levels in biota of North San Francisco Bay have reached
levels at which reproductive impairment is of serious concern, and sturgeon have ~pecifically been
idandfied as being at considerable rask (CALFED 1998) Gi~,cn the high priority of these
contaminants to resource management agencies, their tendency to be strongly particle-0~soeiated,
and their propensity to bioaceum ulate primarily through dietary routes, Hg and Se are ideal
candidate toxicants for development and application of the digestive Ildid 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 in~cticides, and
the m~re hydi~ophobic organophosphate pesticides all are likely to be suitable for use of the
technique in quantifying bioavail ability.

The digestive fluid extraction approach to quanal’Fing bioava~lability is of particular interest
with regard to Se bioavallsbility because of the complex and poorly understood environmental
chemistry of the element. Organic forms of Se are often considered the mc~t bloavailable, but
there is no accepted means to quantify their concentration in environmental samples. In the current
CALFED-funded study by USG-S 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 bicavallability
avoids the need to quantify’ each Se species, determine their relative bioavailabilities, and how this
bioavallability may be influenced by physicallchemical 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 bioaccumulation of Hg and Se by’ demersal fish, with sturgeon as our model
animal for several reasons. First, sturgeon are bottom-feeders foraging on deposit-feeding benthic
invertebrates (e.g., polychacms, 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

I --01 8950
1-018950



8

ingest signi flcmat quantities of sediment while foraging. ’25-75% of the dry weight in the guts of
sturgeon consists of sand and orgamc debris (Johnson et al., 1997). Second, sturgeon mm
harvested by recreational fishing so there is a clear connection to human Hg arid Se exposure.
They are specifically identified under the Proposal Solicitation Package Goal 3 as recreationally
exploited species because of populatioa declines and evidence of contamination. Sturgeon in the
Bay contain 0.1-0.6 ppm Hg, and the vast majority of individuals exceed the State’s threshold of
corqcern of 0.14 ppm Hg (Ca. Dept. Fish and Game, unpub, data; SFBRWQCB, 1995; Davis et
at., ~999). Third, there are readily available supplies of commercially cultured sturgeon, allowing
us to 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
SeaFatxas, a sturgeon producer near Gait, California, on other unrelated projects, and abundant
supplies of digestive fluid can be obtained during routine processing of the cultured fish. It will
not be necessary to collect from the limited supplies of wild fish 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 to the green sturgeon is obvious,
but in fact we have found that a wide variety of taxa have very similar digestive chemistry in the
context of contaminant solubilization. In work with invertebrates we have found that with the
exception of echinodernls, the digestive fluid of many diverse phyla have similar potential Io
solubilize zinc (Weston and Mayer, 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 extensive data b~se we have developed on But fluid
compositon across many species, we should be able to reasonably predict which speotes for which
a given cocktail is likely to mimic digestive chemistry.

Our ultimate objective is to provide CALFED and other resource management agencies a
tool to quickly and easily measure contaminant bioavailability by a consistent method across a
broad range of habitats. 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 far
beyond. The technique can be used i~hr dredged malarial management, risk assessment, evaluating
the anccess of remediation, and in fact, many contexts in which bioavailabilit)’ of sediment-
associated contaminants is of critical importance.

Linkages
There are two CALFED projects to which we have explicitly linked our study. The first is

a UC Davis study (Suchanek and Slotten) of Hg bioavailability from restored wetlands. They are
memsuring bioavailability based on Hg body burden of resident fish and invertebrates. Our Task 4
will involve collcctioa of sediment from their study sites, quantification of Hg bioavailability by
digestive fluid extraction, and comparison of the two alternative bioavailability 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 (Oswald) near Panoche,
California. The ABSR ponds will, over time, accumulate a So-rich ~ludge. In its current location
at the bottom of an anaerobic pond, it poses tittle threat to biota, but ultimately disposal alternatives
will have to be considered. Our study will evaluate the bioavallability of Se in this sludge, mad
specifically how transition from an anaerobic to aerobic environment affects this bioavail0bility. A
letter of support from Dr. Oswald is provided at the end of this prolx~al.

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 eoesumers, several invertebrate species and fish. Our studies on
absorption of various Se forms by sturgeon, and the constraints imposed by the initial digestive
solubilization, shouldbeofinteresttotheeeinvestigators. [n addition, as acornponent of their
project, Dr. Hinton of UC Davis will be studying the effect of Se on stnrgeon reproduction and
development. His interests in toxicological effects is a logical extension of our interests in the
bioaccumulation process.
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F: nally, CA LI:~D will soon be initialing a study of Hg impacts in the Bay-Delta ’,~ atershed
(Stephenson et al.). This study invol~es measuring Hg b oavailability, but does so by using
¯ methyI-Hg/mtal Hg mti~s in sediment to give a first order estimation of methylation potential
which is a good proxy for bioavallabilit} (Stephenson et al., Hg proposal to CALFED p. 7).
Wh le we agree that methyl-Hg is more bioavailable than inorganic Hg, we have extensive data that
shows more than half the methyl-Hg in sediment is not bioavallable, the bioaval able lYaction of
even methyl-Hg is highly variable among sediments, and methylHg conce,n, trations in sediments do
not correlate well with body burden of resident organism s. Thus we belies e that our more direct
measures 0fHg bioavailability (both digestive solnbilizatien and the sturgeon exposures done in
support of it) can provide insights into the sediment conditions which enhance or mitigate methyl-
Hg bioavallability and will prove invaluable in helping 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 studies of contaminant solubilization and absorption will be done with white
sturgeon, and results would certainly be directly relevant to green sturgeon. The work is most
relevant to the contaminant strategic objectiv~ and tin-gets (p. 506, 2/99 ERP), and strategic
objectives and targets for bottom feeding fishes such as green sturgeon (p. 205), white sturgeon
(p. 402), and splittail (p. 209). We note, however, that it is difficult to identify the species-specific
Ecosystem Restoration Program Goals which the project addresses Since the work crosses species
boundaries We believe the proposed study will provide considerable insight into food chain
trans.port of Hg and Se in general, and can be used as a risk assessment tool that benefits all aquatic
species.

System-Wide F~x, system Benefits
We have limited the proposed work to an evaluation of Hg and Se hioavallability, but there

is no fundamental reason why the technique could not be applied ~ other sediment-associated
contaminants. Pesticides are an obvious example. Chl0rpyrifos has recently been found in
sediments of urban storm drains and on suspended particulate matter in the Delta. We are cun’etaly
planning work with USGS to examine the bioavailability of chlnrpyrifos from these suspended
sediments. In addition Central Valley soils contain organochlorine residues from application of
these pesticides decades ago, and the digestive fluid approach could be useful in determining the
extent of bioavallability of these residues after all these .vents. The digestive fluid approach would
be useful in assessing bioavallability of virtuMly any scdim eltt-asse~iated toxicant, including heavy
metals, hydrocarbons and PCBs.

We have focused the proposed work on topic areas of specific interest to CALIZED, but
development of the digestive fluid technique will provide a tool of value to scientists and many
resource management agencies. Both state agencies (e.g., S tale Water Resources Control Board,
Dept. of Fish and Game) and federal agencies (e.g., Enviromnental Protection Agency, Army
Corps of Engineers) have many on-going investigauoas or monitoring programs in which there is
a need to assess the risk of contaminated sediments. The tools pro’~ided by the proposed work
would be valuable to these agencies, and provide dam that would be far more ecologically realistic
and defensible than those based on conventional chemical analysis of contaminated sediments
alone.

Compatibility with non-ecosystem objectivcs                                            .
The need to measure contaminant bioav~lability and the approach we propose to do so ~s

applicable to several CALPED Bay-Delta Program objectives. The F.cosystem Qnality objeedve is
to improve habitats to support diverse and valuable plant and animal species. Many potential
habitats contain residues of anthrnpogealc substances that are potentially tq,}ic an~ coul~ pre.v, ent
the establishment of sustainable populations el desired species (e.g. pesticide restdues tn sons, Hg
in sediments from hydraulic mining activities). However, the mere presence of these contaminants
does not in itself indicale that the habitat is unsuitable and the bioavallability 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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proposed work. Not only will the information be valuable in protecting water quality lbr resident
aquat c species but there are clear implications to recreational fishing and human health. There are
currently fishing advisories in effect in San Franc so Bay because of Hg contamination, and the
proposed work 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 concentrmions in sediments. Conventional chemical measures, however, are
generally useless in predicting contaminant bicavallability, Conventional extraction techniques,
typically using a strong acid for contaminants such as Hg and Se, are intended to extract ~1 of the
contaminant, and therefore far overestimate the hioavallable fraction, For example, our preliminary
work has shown that < 10% of inorganic mercury, and <20% salenim are extractable from sediment
by digustive fluid, indicating that conventional extraction techniques overestimate bioavailability by
at least a factor of 5.

Even if 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 to 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-Fig solubilized in the fluid is an excellent predictor of the ability of benthic amphipods to
accumulate the methyI-Hg from the sediment (Lawrence and M~.~on, in review).

The other alternative to chemical analyses to predict contaminant bioavailability is a
biological measure such as bioaecumulation testing using either resident or laboratory-exposed
organisms. While the resultant data are useful in ecosystem restoration decisions, the use of
animal-hased measures presents some significant difficulties. Often it is necessary to measure
bioavallability over a broad environmental gradient that exceeds the tolerance range of any one
species,thus it is impossible to obtain a consistent bioavallability measure across the range of
conditions (e.g., the P, MP bioaccumulation monitoring program has to use one bivalve species in
San F~raneisco Bay and a second species in the Delta). In addition, it may be desirable to measure
bioavailability under cond lions where animal exposure is impossible such ~s 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 bioaecumulation testing is among the
most expensive ways to evaluate contaminated sediments because of both the extensive chemical
analytical needs and the long exposure period that is required.

The digestive fluid extraction approach has as much biological relevance as biological
measures of b oavaitabiliD’, but with the speed and simplicity of a chemical extraction. Moreover,
it provides results consistent with the traditional biological approaches to quantifying bioavallabilio~
(Wcston and Mayer, 2998; Weston, 1999; Lawrence and Mason, in review).

MONITORING AND DATA COLLECTION METHODOLOGY

Our monitoring and data collection in~’ormation i s summarized in Table 2, and many of the
details have already been provided earlier in this proposal. Table 2 is divided into five sections
based on biologicallecological objectives which correspond to the five tasks described in the
Project Descriptmn section:

Quantify digestive solubilization of Hg and Se
Quantify digestive absorption of Hg and Se ..........
Synthetic cccktall development
Fieid demonstration: mercury
Field demonstration: selenium
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Table 2. Monitoring and Data Collection hfformation

Hypotbesis/Questinn Monitoring Parameters Data Evalu~on Comments/
Evaluated and Data I ec. A roach ~ ~

_Biological/Ecological Obieetive: Quantify digestive solnbilization of rig and Se

How much ~g/Se in Extensive field collections of sediments Determine proportion High

natural sedimenls would in Delta, Rivers and tributaries; of total Hg/Se that is
be available to an organism extract by sturgeon digestive fluid, extractable.

ingesting that sediment?

How is digestive Extensive field collections of sexlJments Quantify Hg/Se in sediments High

solubilization dependent in Delta, Rivers and tributaries; according to chemical form and

on cttemical sw, cies? extract by sturgeon digestive fluid, determine extracability for each.

On which environmental As above. Also laboratory manipulations Con’elations between sediment High

factors is Hg/Se of sediment properties to observe effects properties and solubilization.
bioavailability dependent? on solubilization.

Is in vitro solubilizatiou Parallel experiments iu which sediment Agreement between in vitro High

equal to in rive is extracted in vilro and also fed to sturgeon and in vivo approach in
solubilization? which arc then sacrificed to analyze amount of Hg/Se solubilization.

digestive, fluid.

Biolo i lo~cal Ob’ective: Quantify digestive absorption of Hg and Se

How efficianfly are various Feed sturgeon Hg/Se labelled sediments Determine proportion of each High

chemical forn~ of Hg/Se and raea~ure absorption by pulse chase. Hg/Sc form absorbed.
absorbed in the gut. Also measure absorption by peffused guts.

ls the proportion of Hg/Se Feed sturgeon Hg/Se labelled sediments Compare proportion of Hg/Se High

solubilized equal to that and measure absorption by pulse chase, solubilized to the proportion
absorbed in die gut? Also measure ~Jasorption by peffused guts. absorbed,

Do Hg and Se interact Measure solubilization and absorption of Compare solubilization and High
competitively or in other Hg and Se independently and when in fl~e absorption efficiencies for
ways during solubilization same sediment concurrently, statistical differences.
mtd absorption?



Table 2. Monitoring and Data Collection lnft~m~ation (continued)

Hypothesis/Question Monitoring Parameters Data Evaluation Comments/

Evaluated and Data Collection Annroach Ao~roach ~

Biological/Ecological Objective: Synthetic cocktail developmenl

What agents in digestive fluid Analysis of enzymes, suffactancy, pH, Chemical characterization of High

are responsible for llg/Se DOC, lipids, etc. in digestive fluid, gut fluid. Statistical comparison
8olubilization? Blocking of suspected ligands and test of selubilization with and without

for effect on solubilizatioo, bl~cldng agent.

Can a synthetic cocktail be Use characterization results to develop Compare solubilization rates andHigh

formulated to mimic Hg/Se a synthetic version using commercially exlents over multiple sediments
-- solubilization, available enzymes, etc. and Hg/Sc species to evaluate

success of biomimetic solution.
I

Biolo "     olo ical O[iect’v : Field demenstration: mercury

¢o How does digestive fluid Collect sediment from mukiple restored Compare solubilization estimatesHigh

~ extraction compare to other wetlands, and measure Hg bioavailability of bioavailability at each wetland

~ measures of Hg bioavailability from these sediments using actual and to bioaccumulation by resident
when used in an ecosystem synthetic digestive fluids, species. Compare results from

~ restoration context? the two exwactmlts.

Bi~olo~ical/Ecological Objective: Fielddemoustration: selenium

Can digestive fluid ex~’action. Collect sludges from Se removal ponds Comp~xe solubilization under High

be u~ed to ~ssess Se ~nd measure bioavailabifity both anaerobicallythe both redox conditous. Compare
bioavailabiliry from sludges and aerobically using actual and synthetic results from the two extractartts.
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 end solubiliT~ed in the digestive fluid or
synthetic surrogate is the critical parameter by which we measure bioavallability. We wish to
emphasize that while the approaeh 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 Agency, 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 radioactive Hg and Se in
laboratory experiments), gold-amalgamatlon/cold ~’apor 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 facilities at the Chesapeake Biological Laboratory’s Trace
Metal Analytical Facility of the University of Mai3/land. This laboratery ha~ extensive experience
in both Hg and Se measurements from environmental samples, in particular, its Hg capability’ is
highly regarded and some of its procedures have formed the basis for F_:,PA Method 1631 for Hg
analyses.

Some absorptive experiments that require greater manipulation of certain variables will be
done with perfuscd gut segments. The use of puff used tissues to study absorptive processes is
well established, and we have used it to study’ Hg uptake across the blue crabs. Quantification of
absorption effiniency in whole sturgeon (juveniles) will be done by pulse chase methods. These
procedures are well-established, mad 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 noa-destruedvely 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 dear its gut, and then the same
individual can be counted for radioactivity again. The dilferance between the two counts uan be
used to derive absorption efficiency.

LOCAL INVOLVEMENT

As discussed above and as indicated by’ the letters ol ~upport we have integrated our efforts
with those of investigators working throughout the Bay-Delta, and particularly those involved in
related CALFED projects. The type of work proposed does oot 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 will publish the resalts 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 to be used in this
study. We have worked with Stolt for sever, tl years on a project unrelated to that proposed, and
they" welcome the opportunity to use their cultured l~sh 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 u~versity laboratories, and thus
notification of affected counties is not relevant to these tasks. Thet-e are tw6 field demonstration
tasks, the first of which (mercury) will be done at sites throughout the Delta in Solano and San
Joaquln counties; and the second of which (selenium) will be done in ponds near Firebaugh,
Madera Count. As requested by CALFED, the County Board of Supervisors and Planning
Department of these counties have been notified, and a copy of the letter is attached.
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COST

Budget
The budget for the proposed work is shown in the attanhed tables with each page

representing the budget for a single institution. Univ. Marylmtd and Univ. Maine are participating
in this project as subcontractors to the University of California, and the total dollar value of their
subcontracts are included in the Univ. California budget under the. "other direct cost" category.

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

Materials and acquisitions largely consists of expendable supplies, the largest frantion being
those associated with chemical analyses of Hg and Se, and the purchase of radioactive Hg and Se.
The only equipment item included in the budget is the purchase of a gamma counter at UC
Berkeley (approx. $35,000). The gamma counting instmreentation 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.

1 ndirect costs vary among the institutions. Univ. Maryland indirect costs are 43% of total
direct costs. Univ. Maine indirect costs are 45% of total direct costs. Univ. California indirect
costs depend upon whether 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 applied 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 to the 50.4% indirect cost. In preparing the budgets, indirect costs
on the first $25,000 of each 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 Tasl¢, budgeted only for the prime contractor (UCB), includes
time required to prepare quarterly reports, respond to requests for information from CALF’rED or
member agencies, give oral presentations to CALVED, track progress by the subcontractors, and
includes costs to travel to one of the subcontractor’s institutions each year to coordinate research
efforts.

Schedule
The projcct will extend 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 ]1 2000 ]1    2001 ][ 2002
ONDJFMAMJJA SON DJFMAM JJASONDJI=MA MJJAS

Task 1- Digestive solubilization xxxxxxxxxxxxxxxxxxx
Task 2 - Digestive absorption xxxxxxxxx~xxxxxxxxrcxx x
Task 3 - Cocktail development xxxxxx xxroc~cxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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 constraints on bioaccumulation. Work to establish the mechanisres
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,,vill 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.
Manumripts for publicaflon in the peer-reviewed literature and CALFED technical documents will
be prepared throughout the project, generally near the end of the period allotted for 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 stare-supported (Maine) time to the CALFED project. Salary costs, fringe benefits, and
associated indirect costs for this in-kind cost shanng have a value of $47,503.

Dr, Weston has received funding from the University of California Water Resources Center
to further develop the digestive fluid appreach as an environmental management tool, and much of
the work conducted through that grant will be directly applicable to the CALFED projeet. Work
will be conducted from July 1999 through June 2001. The value 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 Ma~,’land. Each participant
brings unique talents to the project and they were included in this project because of extensive
directly relevant research experience. The in vitro solubilization concept was originally proposed
in 1996 by Dr. Mayer. and his lab has done a great deal of work ~n trace metal and PAH
bic~vailability using the technique. Dr. Weston has extensively applied the technique to polycyclic
aromatic hydrocarbons, and has been validating the procedure with whole animal measures of
absorption and bioaccumulation. Dr. Mason’s expertise lies in Hg bioavailabilit7, and he has used
the technique as a tool to quantify this bioavailability. Drs. Mayer and Weston has,e collaborated
on other projects, ms have Drs. Mason and Mayer, and we anhcipate the proposed collaboration
will be as productive as those already completed.

Dr. Donald Wcston will act as Project Manager for the proposed work, and will be
responsible for primary contact with CALFED and the COOlxiination 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
eeotoxieologist with nearly 20 years experience, His research has focused on issues pertaining to
bioaccumalation of sediment-associated contaminants, and has included work on bioavailability,
trophic transfer of contaminants, sediment toxicity testing, and toxicant effects on benthic
community structure. He has done a great deal of work in ~ecent years on the digestive t]uid
approach t~ measuring bioavailability including comparison of the technique to more traditional
t~chniques, and an interphyletic study in which the digestive fluids of 20 species were compared in
their ability to solubilize both a polycyclic m-omatic hydrocarbon and trace metal. His work on
digestive fluid has been funded by the US Environmental Protection Agency, US Navy, UC Toxic
Substances Research and Teaching Program, and the UC Water Resources Center. Collaborations
with Lawrence Berkeley National Laboratories, US Geological Surx!ey, and US Army Corps of
Engineers are in the initial planning stages. His research group consists 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 responsibility for specific components of Tasks 1.2 and 3,
and in additional will provide Hg and Se analytical assistance to all proje~! 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 internationally known Hg researcher. He has
been involved in the development of the recent analytical and methodolog~nal techniques that now
allow the uncompromised determination o1 mercury and methylmereury c/?n, centrations in natural
waters, sediments and biota. He has a total of 40 Hg-related publications m the last 10 years,
including a paper in press that is directly relevant to the topic of this proposal (Lawrence;
MeAlcon, Mason 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 metalloids, particularly arsenic and selenium, and the more toxic trace metals,
Mason’s research has recently focused on understanding the factors controlling Fig and methyl-ltg
bioaccumulation into aquatic organisms, both in the benthic mad 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 to Archives of Environmental
Contamination and Toxicology~ Mason has a current collaboration through the University of Santa
Cruz/San Francisco Estuary Institute to mcasure 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 proposal

Dr. Lawrence Mayer will have primary responsibility for investigation of the mechanisms
of Hg and Sc digestive solubilizatioa and the development of synthetic cocktails to mimic the
natural processes (Task 3). He is a F’rofessor of Oceanography at the University of Maine,
specializing in marine biogeochemis~-y. He has performed extensive research into the
bioav ailability of materials at the land-sea interface, including nutritional and toxic substances. The
toxics work has included both metals and organics. Coupled to the biogeochemieal work has been
characterization of organismal physiology as it relates to bioavailability - for example,
characterizing the types of enzyme or surfactants that are responsible for solubilizafion of various
nutritional or toxic substances. Projects funding this work have been obtained from the U.S.
Department ~f Defense Environmental Protection Agency, National Science Foundation, and the
Maine Center for Innovation in Biotechnology. In the 23 years since h s Ph.D., he has published
75 papers in a varieD’ of chemical, biological and geological journals.
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QUARTERLY BUDGET
University of California. Berkeley

Quarter I Quarter 2 Quarter 3 Quarter 4 Yeer 1
Tasks Oct-Dec 1999 Jan-Mar 2000 Apr-Jun 2000 Jul-Sept 2000 Total

Task I 43,830 40,489 70,597 38,732 199,640
Task 2 - - .

Task 5

Grand Totals 68,439 = 62,449 I $ 86,363 $ 54,964 II S 272,215

Quarter 5 Quarter 6 I Quarter 7 Quarter 8 Year 2
Tasks Oct-Dec 2000 Jan-Mar 2001 I Apr-Jun 2001 JuI-Sept 2001 Total

Task I 35609 35~609
Task 2 3,785 43,474 48,792 39,14! 133,182
Task3 14134 14,134 14,134 14,134 56,538
Task4
Task 5
Project M~t. Task 4 153 2,649

I Quarter 9 i Quarter 10 Quarter 11 Quarter 12 Year 3 Grand
Tasks Oct-Dec 2001 ! Jan-Mar 2002 Apr-Jun 2002 Jul.-==ept :2002 Tetat Totals

Task I - 235,257
Task2 26,480 3,501 - - 20,081 183,173
Task 3 32,903 32,902 14451 14,451 94,767 211,910
Task4 32719 32,719 32,719
Task 5 32,418 32,418 32,418
Project Mgt. Task 4,202 2,698 2,698 2,698 12,296 36,296
GroodTo=,s I 63,868 =30,101
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University of California~ ~terkele3

QUARTERLY BUDGET
University of California. Berkeley

funded with State funds:

Quarter I Quarter 2 Quarter 3 Quarter 4 Year 1
T~sks Oct-Dec 1999 Jan-Mar 2000 Apr-Jun 2000 JuI-Sept 2000 Total

rask 1 32,006 33,218 72,125 ~1,260 171,659
]’ask 2 - - .
]’ask 3 14,097 I 14,770 7,167 13.033 50,867

=roject Mgt, Task 3.(301 1,901 1,901 1,901 8,704

Quarter 5 Quarter 6 Quarter T Quarter 8 Year 2
Tasks Oct-Dec 2000 Jan-Mar 2001 Apr-Jun 2001 Jul-SepL 2001 Total

Task 1 30,583 - 301583
Task2 3~785 38,043 42,261 34,610 1191599
Task 3 14,134 ~ 4,134 14,134 14, ! 54 56,536

Project Mgt Task 3,037 1,937 1,037 1,937 8,8*$8
Grand Totals I$ 51,539 $ 55,014 $ 58,332 $ s0,68tlr$ 21s,566

Tasks Oct-Dec 2001 Jan-Mar 2002 Apr-Jun 2002 JuI-Sept 2002 Total Totals
Task 1 - " - 202~242
Task 2 21,403 3,801 - - 24,904 144,503
Task 3 32,9(33 32,902 14,,~51 !4,~.51 94,707 Z01,810
Task 4 - 28,530 - 28,530 28~530
Task 5 28,310 28,310 28,310
Project Mgt. Task 3073 1,973 1,973 1,973 8,992 29,5~4
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Principallnvestigator: Donald P. Weston, Ph.I~.
U niversity of California, Berkeley

Subcontracts:
TOTAL BUDGET

University of Maryland

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 6,000 1,250 67,050 28,831 95,88t

Task 2 1,620 52,715 1,284 10,000 1,500 65,499 28,165 93,664I
~ Task 3 598 20,800 506 4,000 500 25,806 11,097 36,903
~ Task4 311 9,490 235 2,000 250 11,975 5,149 17,124
co Task5 311 9,490 235 2,000 250 11,975 5,149 17,124
~o Grand Totals 4,466 $148,980 $ 3,575 $ 26,000 $ 3,750 $182,3051[$ 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 Costs Costs Costs Costs i Costs
Task 1 130 3,286 725 450 4,461 2,007 6,468
Task 2
Task3 3.110 84,931 I7,275 9,799 j 112,005 50,402 162,407
Task 4
Task 5 -
Grand Totals 3,240 $ 86,217 $ $ 18,000 $ t0,249 $116,466~15 52,409 $168,875



Peln¢lpa! Investigator: Doaald P. Weston, Ph.D.
Universily of California, ]gerkelcy

QUARTERLY BUDGET
University of Maryland

Quarter I Quarter 2 i Quarter 3 Quarter 4 Year
Tasks Oct-Dec 1999 Jan-Mar 2000 Apr-Jun 2000 Jul-Sapt Z000 Total

Task 1 18,072 20,348 : 18,480 22,083 78,983
Task 2 i
Task 3

Task 5
Project Mgt. Task

Grand Totals $ 18,072 $ 20,348 $ 18,480 I$ 22,083 II $ 78,083

Quarter 5 Quarter 6 Quarter 7 Quark~r 8 Year 2
Tasks Oat-Dec 2000 Jan-Mar 2001 Apr-Jun ~001 Jul-Sapt 2001 Total

Task 1 16,998 - 16~890
Task 2 3,785 2~,605 29,923 22,272
Task 3

Proiect Mgt, Task

Grand Totals $ 20,083 $ 26,605 $ 29,923 I $ 22,272 II $ 99,483

Quarter 9 Quarter 10 Quarter 11 I Quarter 12 Year 3 Grand
Tas~ks Oct-Dec 2001 Jan-Mar 2002 Apr-Jun 2002 I Jul-Sept 2002 Total Totals

Task 1 - 95,881
Task 2 7,578 3,501 1 t ,079 93,664
Task3 18,452 18~451 - I 36,903 36,903

Task5 - 17,124 17,124 17,124
Project Mgt Task
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QUARTERLY BUDGET
Unlversitv of Maine

Quarter t Quarter 2 Quarter 3 Quarter 4 II Year 1
Tasks Oct-Dec 1999 Jan-Mar 2000 Apr-Jun 2000 JuI-Sept 2600 ~ Total

Task 1 6,468 6,468

Task 2 .....
Task 3 13,634 13,633 7,167          13,633 48,067

Task 4

Grand Totals I $ 13,634 $ 13,633 ! $ 13,635 $ 13 633 i $ 54,,35

Quarter 5 J Quarter 6 Quarter 7    J Quarter 8 Year 2

Gr,,n,, "rota,sI= 14.134 I,1,.134 I=14.1~4 I*t4.t3,,1[=65.55,

Grand Totals I $ 14,451 ] $ t4,451 $ t4,45t $ 14,451 i $ 57,804 $ 168~871

I --01 8965
1-018965



University of MmTland Re£ No. [UMCES]CBL 99-0033
Center for Environmemal Science
Chesapeake Biological LaboraWry.
P.O. Box 38
Solomons, Maryland 20688-0038

PROPOSAL

A Subcontract Submitted to the University of California-Berkeley

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

April 6, 1999

Robert P. ~n, Principal Investig* tor
Chesapeake Biological ~aboratorv

APPROVALS:

Kenneth R. Tengre, i ~tor Donald F. Boeseh, President

Chesapeake Biological Laboratory Center lbr Environmental Science
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PROPOSAL TO: University of California
Sponsored Programs
336 Sproul Hall
Berkeley~ CA 94720-5940

FROM: Office of Research and
Sponsored Programs

Room 408
University. of Maine
5717 Corbett Hall
Orono, ME 04469-5717

SUBJECT: Assess Effects of Ecosystem
Restoration - Bioavailability

PEPd0D: 10/01/1999 to 09/30/2002

FUNDS REQLT~STED: $168,875

PRINCIPAl, INVESTIGATOR: La~enee Mayer
University of Maine
School of Marine Seien~s
Darling Marine Center
Clarks Cove Road
Walpole, ME 04573

Paul D. Uttormark, Director
Office of Research and

Sponsored Programs

Date
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UNIVERSITY OF C~LIFORNIA, DAVIS,

4/13/99

Dear CALFED administrators and proposal reviewers,

We are writing in support of the following April 1999 proposal submissior], entitled: ~
l~ assess th~ effect of ecosystem restoration ~ffarts on contaminant hl.avatlahddv
Principal/nvestigarors Donald Weston, Robert Mo~,on, and Lawrence Mayer.

We believe that this proposed work will provide a valuable addJ.tion to fl~e CALFED effort in the area of
Water Quality. We are impressed with the potential ecohigieal relevance of fl~is novel approach and can
see a great potential benefit to existing CALFED Water Quality related projects. In particular, our
extensive ~nvolvement in questions of heavy m_~tal bioavailability in tic.Bay-Delta s..YSter9 an.d its,.     .
watershed could link ,~ery strongly to this proposed work. la our ease.me C,,AL~u prpjec:t l.o_o...m_n..g, latvetsne
t~oumfial methyl mercury eonseqnanees of Bay-Delta wedands resyerauon efforts: a nm.!or, ~..oc. u~
;h,. A~*~n minn of relative methvt mercury production and assecmted mercmy broavauaomty m a wtue
variety of Delta s~tes which define a range of resmratm, endpomts m the system. We are gems to urea
lengths to utilize ecologically relevant measures. Collaborative work by Weston, Mason. and Mayer
would provide an addJ~aonal measure that could be highly relevant to these questions. These investigators
have expressed considerable intere,~t in linking, their, project, where, appropriate,. . to oar         ,°ageing... Delta

relation to subsequent b~oavallabfltty, hnks d~rectly to a major nypomes~s we are .... ~,

The proposed project is also l~i .g~ly ~lev ~an.t to the .e~xy~n si~ ~.~._uffj~ated ...D,~ .~.._ ~t~ _A£ .ti..o.n__~ ~,~ o.h
developed by CALFED at thin u.nle, in w~ich our U~. ]A&vls resear~n team wn~ wo,~ on tt~,~,~,
Cx~eek watev~heA) questions of (i) source material relafior~ship to m~thy)~on ,a~.~ (2) ~o~hic m~CofU~y
inter-relationships. A number of other research groups will work on aamraonat maportant aspect, :
mercury loading, mass b’,danee, and downstream effeets. As a m:~lor ~mpems for this Directed Actmn ~
the desire to provide more ecologically relevant input to inevitable future TMDL legislation for merearyr
the poten tisl benefits of the proposed project .are cle~r-De-~e~opment of.a novel, buy re.liable r~w me~
of relative sediment contmmnartt binavailabihty that is specificslly baboo on ecoiogteai remvance eomu
widespread application.

The submitting investigators are highly esteemed m the research qo.m~.ut3...a~_~. ,- _T~,_.e_. _w_o_rk~ ~deevYa l~ ~a~OnPt o s m g

These researchers have clearly passed the seleet~on ~,~tena of numerous Federal and other funding anurces
for prior and ongoing relaled work. Their application for transfer of this developing techn.ulogy to B.ay-
Delta w~tershed problems should be considered seriously. We are in strong suppor~ of tins propostu.

Dept. of Environmental ScWnce and Policy

Dr. Thomas H. Suchanek
Dept. of Wildl[�, Fish, and Conservation Biology
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UNIVERSITY OF CALIFORNIA, BERKELEY

Dr. Donald Weston                                        April 14, 1999
Dept. Integrative Biology
University of California
3060 Valley Life Sciences Bldg.
Berkeley, CA 94720-3140

E)ear Or. Weston:

Thank you for speaking to me about your proposed CALFED project, "A
new approach to assess the effect of ecosystem restoration efforts on
contaminant bioavailability’L I understand that the work inoludea a field
validation task in which you would intend to use your new ~pproash to evaluate
the bioavailability of selenium in the pond sludges of our Algal-Bacteria
Selenium Removal (ABSR) system. In view of the complex ¢l~amistry of
selenium, techniques to evaluate selenium bioavailability are of greet interest,
and I strongly support your efforts. I certainly think it valuable to link your
proposed CALPED project with our existing program. You are welcome to
collect samples from the A~SR system, and I look forward to seeing your
results. If I can help you in any other way please let me know.

Sincerely yours,

William J. OsWald, Ph.D. . .
Professor Emeritus
Environmental Engineering and Publio Health
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UNIVERSITY OF CALIFORNIA, DAV1S

Professor Donald Weston
Dept. of Integrative Biology
1005 Valley Life Sci Bldg #1005
University of California
Berkeley, CA 94720

Dear Professor X,Veston:

I am pleased to inform you that the Water Resources Center Coordinating Board has approved
thnding for 3’our project entitled Enhancing the Utility of In Vitro Digestive Fluid Extraction as ct
Management 7)9ot for Contaminated Aquatic Sediments beginning July 1, 1999. Your project
numbor is W-927.

Because of the large mnber of good project proposals submitted, some budgets have been lowered
to allow the funding of more projects. The maximum annual budget allocated to any project
including yours i~ $26,500.

You wdl be contacted later to get a departmental account number tu transfer funds into. You will also
be asked to report the amounts you want allocated to the various budget eatugortes.

In accepting these %rids you are committing ),ourself to submit an annual prog~egg report by July 15.
2000, Ju y 15. 2001, and a final technical completion report by September l, 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 actual conduct of research and
funds to support travel to professional meet ngs where the results of Center sponsored research are
being presented. Should you find that you will be present ng the results of this research at a
professional meeting during the coming year, you may apply to the Center for a supplementa travel
allowance. In applying, you should provide evidence that the travel is for disseminating the results of
the research.

Future money may also be available for publication resulting from your research when such
publications have been accepted or are actually published, At such time, you may apply to the
Center for publication costs.

Congratulations on submitting an excellent proposal.

Sincerely,

Interim Associate Director

cc: Department Chair
Contracts and Grants Office

MAM:jw
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LOCAL NOTIFICATION

The following letter has been sent to the County Bomd 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 untitled "A
New Approach to Assess the Effect of Ecosystem Restoration Efforts on Contaminant
Bioavailab ity". CAL,FEDhasmquestedthata investigators submitting proposals to CALFED
notify the Board of SuI~rvisors and Planning Departments in counties in which work will be
conducted. This letter serves to provide that notification.

The proposed project is a co aborative effort among investigators at the University of
California, University of Maryiand, 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 might be available for bioaceumulation by organisms. Part oI the proposed work involves
collection of sediments throughout the Delta, Sacramento and San Joaquin Rivers, and it is
possible that we may be collecting from water bodies within the boundaries of your count,. No
work will be done on site other than collection of sediment, and we will transport the sediment to
the laboratoI3’ 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 througb fall 2002. If you have any questions please call
me at 510-231-5626.

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 submitting a proposal to CALFED entitled
New Approach to Assess the Effect of Ecosystem Restoration Efforts on Contaminant
Bioavailability". CALFED has requested that all investigators submitting proposals to CALFEDnotify the Commission of the proposed work. This letter serves to provide that notification.

The proposed project is a collaborative effort among investigators at the Univarsity °f .
California, University of Maryland, and Univeralty of Maine. We are developing a new extracUon
technique that can be used to determine how much of the mercury or selenium in a sediment
samplemight be available for bioaccumu ation byorganisms. Partof the proposed work involves
collection of sedimentS throughout the Delta, Sacramcnto and San Joaquiu Rivers. No work will
be done on site other than collection of sediment, and we will transport the sediment to the
laborator2z for ot~r 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 510-231-5626.

Donald P. Weston
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OMB Approval No. 0,348-0043

APPLICATION FOR 1 2. DATE SUBMiT~D I Ap~li¢~on I~nt~
FEDERAL ASSISTANCE

The Ra~ants of ths Uniwrsity of California Universit~ of Califomta. Berkeley’, Dept. of Inte~raBve Bio!o~,(

Sponsored Projects Office Adminisb’allve Contact ~
336 Sproul Hall, Alameda Counly Lynn Deetz Oona~d P. West.o~, Ph.D.

erketa~’, CA 94720-5946 f510)643-6113 516-231-5626

Lynn Deetz I                                   Senior Research Administrator I               (516) 643.61
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BUDGET INFORMATION - Non-Construction Programs



$612,178 $99,595



/ State of Calif’.rata DEPARTMENT OF WATER KESOURCES The Resources Agency

STANDA!~D CLAUSES -
INTEP, AGENCY AGREEI’C[ENTS

Audit Clause. For centractS in excess orS10,000, the contracting parties shall be subject to the examir~ation
and audit of the State Auditor for a period of three years after final payment under the contract.
(Government Code Section 8546.7).

Availability of Funds. Work to be performed under thi~ enntraet 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 m
accordance with State Administrative Manual Section g752 and 8752.1.

Termination Clause. Either State agency may terminate this contract upon 30 days advance written notice
"fhe State agency providing the services shall be reimbursed tot all reasonable expenses incurred up to the
date of termination.

Sewrability. If any provi~ion of this Agreement is held invalid or unenforceable by any ceurt of final
jurisdiction, it is the intent of the parties that all other provisions of this Agreement be censtrued to remain
fldly valid, enferceable, and binding on the parties.

Y2N Langt~age. The Contractor warrants and represents that the goods or services sold, leased, or licensed
to the State of California, its agencies, or its political sutndivisiuns, pursuant to this Agreement are "Year
2000 compliant" For purposes of this Agreement, a geod or service is year 2000 compliant if it will continue
to fully funetien before, at, and after the Year 2000 without [nterruptien and, if applicable, with full abiltty
to accurately and unambiguously process, display, compare, calculate, manipulate, and otherwise utiliz~ dat~
informatien. Tiffs warranty and representation gupersedes all warranty disclaimers and limitations and all
Iimitatiens on liability provided by or through the Contractor.

D\VR 41 g7 (REV 1/99)
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U.S. Department= of the InteriOr

Certifications Regarding Debarment, Suspension and
Other Responsibility Matters, Drug-Free Workplace

Requirements and Lobbying

person8 signing this form should refer to the regulations Cert~tlon Regarding Debarment. Suspension, Ineligibility

($ee A~pen~ B of 8ub~ O of 43 CFR Pa~ 12,)

subml~ng ~is proposal that It will include ~e clause    IL (Grantees ~o are Indiv~als) - (See Appendix C of

PART A: CerL~fication Regarding Debarment, Suspension, and Other Responsibility tAallers -
Primary Covered Transactions
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of a controlled substance is prohibited ;n Ihe grantee’s wo[l~p;a ce and s#ed~ying lae aclions that ~ill be laken ~gainsi

(3) ~,ny availalple drug counseling, rghabilila! oR and emplo ee ass[ n

(1) Takfng appropriate persont~e[ action    "                          .    .

(b), (c), (d), (e) and (0,
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PART E; Cer{ifi~adon R~garding Lobbyin~a
Cer{if]cation for Contrac[s, Grants, Loans, and Cooperative Agteemell~

(1) No Federal appropriated funds have been paid or will be paid. by or on behalf of the undersigned, to any person for

(2) If any funds other than Feders~ appropriated funds have been pald or ~vill be paid to any person for influencing or attempting

undersigned shall c~mplele and submit Standard Form-LLL, "OiscJosure Form to Report Lobbying," in a~rdance with its

subrecJpients shall certify acc,3rdingly.

~nto Submission of thls certification ~s a prerequisite for makln£ or entering into this transaction imposed by Section 1352, li~le
31. U.$. Code. Any person who fails to file the required cert]Ocation shalf be subject to a civil penal y of not less than $10,000
a~d not R~ore than $100 000 for each ~uch failuoe

SIGNATURE OF AUTHORIZED CERTIFYING OFFICIAL ~’~7~" ~

~ ,( I
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ASSURANCES - NON-CONSTRUCTION PROGRAMS

reducing this burden, to the Office of Management and Budget, Paperwork I~eduction Project (034S-0040), Washington, DC 20503.

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

NOTE: Certain of these assurances may not be applicabJe to your project or program if you have questions, please contact the

is the case. you will be notitie~

As the dury authorized representative of the applicant I certify that the applicant:

1 Has the legal authority to apply for Federal assistance Act of 1973 as amended (29 U.S.C. §794), whlch
and the institutional, managerial and financia~ capabi]]ty prohibits discrimination on the basis of handicaps;
lincluding funds sufficient to pay the non F~der~l share the Age Discrimina.lion Act of 1975, as amended /42
~1 project cost) to ensure proper planning, management U.S.C. §§8101-6107), which prohibils discrimination
and completion of the proje;t described in this on the basts ~f ~g~; (el the Drug Abuse Office and
applicalion. Treatmect Act of 1972 (P,L. 9~-255), as

2. Will give the awarding agency, the Complroller General ab~Jse; (f) the Comprehensive Alcohol Abuse

through a~y authorized representatlve, access to and Act of 1970 IP.L. 91-616), as amenrted, relating to

documents related to the awara; ~nd ~)~1 establish a alcoholism; (g) §§523 and 527 of th~ Public Health
preper accounting system in accordance with generally Service Act of 1912 (42 US.C. §§29~ drt-3 and 290 ee
a~cepted accounting standards or agency directives. 3), as amended, relafirlg to confidentiality of alcohol

and drug abuse patient records; (11) Title VIII of the
3, Will establish safeguards to prohibit employees from Civil Rights Act of 1968 ~42 U.S.C, §§3801 et ~q ), ~

conflicl of interest, or personal gain. nomgiscrimination pr~vJsions in the specific ~ta~ute(s

4. Will inlt!ate and complete the work within the ~pplicable made and, (j) the requir~ment~ of any other
time frame after receipt of approval of the awardir~g non~Jiscdmin~ti~n statute(s) which may apply to the
a~ency application.

1970 (42 U.S.C. §§4728-4783) relating to prescribed requirements of T~tles II and Ill of the U~iform

one of the 19 statutes or regula[ior~s specified in Policies Act Of 3970 (P.L. 91-646) which provide for

(a) Title VI of Ihe Civil Rights Act of 1964 (PL. 88-352) purchases
which prohibits discrimination on the ~asis of race, color
or national origir~; (b) Titl~ JX of the Education 8. Will comply, as applicable, with provisions of the
Amendments of 1972. as amenc~ed lg0 U.$.© §§1681- Hatch Act (5 U.SD §§1501 1508 and 7324-7328)
1683, and 1~85-1686), which prohibits discrimination on which ~imit the politJcal activities of employees whose
the basis of sex; (c) Section 504 of the Rehabilitation principal employment acthdties are fun~ed in wh~le or

i~ part with Federal funds.

III
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_ g. Will comply, as appliosble, with the provisions of the Davis- 12, Wilt comply with the Wild a~ld Scenic Rivers Act of
11~8 (16 U.8.C. §§1271 ~t sag,) related to protecting

Bacon Act (40 U.S.C, §§276a 1o 276a-7), the Copeland Act
(40 U.S.C. §276c and 18 U,S.C. §674). and Ihe Contract

oomponanl= or potetttial components of the national

Work H~urs and Satety Stardards Act (40 U.S.C. §§327= wild and scenio rivers system.

333), regarding labor standards for federally*assisted 13. Wltl assist the awarding agenoy in assuring compliance
conslruntion subagreements with Section 106 of the National Historic preservstion

10, Wilt comply, if applicable, with flood ldsurance purchase
Act of 1966, as amended (16 U.S.C. ~470), EO 11693

requirements of Section 102{a} ol the Flood Dioastar
(identification and protection o! historic properlies), end

prnte¢lion Act of 1973 (P.L 93-234) which requires
the Archaeological and Historic Preservation Act of

recipients in ~ speGial flood hezan:t area to participate in the
1974 (16 U.S.C. §§46ga-1 el seq,).

program and to purchase flood insurance if the total COSt of 14. Will ~omply with P.L. 93-348 regarding the protection of
i~surab~e construction ~nd acquisition is $10,000 or more. human subjects involved in research, development, and

11. Will comply with environmental standards which may be
reistBd activities sgpporisd by this award nt assistance.

prescribed pursuant to the Intlowing; (a) institution of
environmental qualit~ control measures under the National 16. Will comply with the Laboratory Animal Welfare Act of

Environmental Policy Act of 1969 (P,L. 91-190) and 1966 (P.L 89-544, as amended, 7 U.S.C. §§2131 et

Executive Order (EO) 115141 (b) notification of violating
seq.) pe~lalnlng t~ the care, handling, and treatment of

program developed under the Coastal Zone Management
Prevention Act (42 U.S.C. §§4801 et seq,) which

governing this program,

TITLE

~UBMITTED

;’ttE P,~ENT$ OF THE UNIVERSITY OF CALIFORNIA
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