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Atln: Wendy Ilalverson Martin
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REFERENCE REPLY:LBNL Proposal BG 99-210 (00)
Response to CALFED Bay-Delta Program 1999 Proposal Solicitation

Enclosed for your consideration is an original and nine (9) copies of the subject proposal along
with electronic copy of text and kables as requested. This proposal is submitred on behalf of the
Ernest Orlando Lswrencc Berkeley National Laboratory (LBNL)’.

Title: Real-Time Sensors for Mercuric and Seleuate Ions Utilizing Templated
Polymer Technology

Principal Investigator: Richard H Fish. PhD.

Tolal Amount Requested: $793, 871.00

Period Requested: 2 Years

Type of Request: Ne~

LBNL is operated by The Regents of the University of California for the Department of Energy
(DOE) under prime contract DE-AC03-76SF00098 and all work is conducted under the terms of
that contract and subject to the approval of DOE. ~ proposal will be submitted to DOE for
approval.

Please note that we have had discussions this week with M8. Jo Turner and Ms. Nan Yoder of
CALFED with respect to determining the appropriate contract terms and conditions to be utilized
if we are favored with an award under this program. It is our understanding thw: the applicable
terms and conditions will be determined by the source of funds used to fund the specific project.
Specifically, Ms.Turner and Ms.Yoder confirmed the following guidelines in determing the
appropriate terms and conditions:                                             - -
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Page Two
CALFED Bay-Delta Program Office
April 15, 1999

FEDERAL FUNDS: If CALFED makes an award derived from federal funds, a federal
interagency agreement would be the appropriate contractual vehicle used for perforating
the work at LBNL. The agreement would be between the federal sponsor and DOE. We
can provide additional guidance if an award is contemplated. It should be noted that such
agreement must include the lbllowing language:

"This agreement is entered into pursuant to the Authority of the Economy Act of
1932, as amended (31 U.S.C. 1535), and adheres to Federal Acquisition
Regulation (FAR) 6.002 and other applicable Federal Laws and Regulations. To
the best of our knowledge, the work requested will not place the DOE and its
eontractur in direct competition with tile private sector."

STATE OF CALIFORN!A FUNDS: If CALFED’S funds for an award are derived from
California state funds, Ms. Yoder expressed an interest in reviewing and possibly utilizing the
master temas and conditions, or a variation thereof, currently being finalized between DOE and
the California Energy Commission (CEC) for several CEC awards to LBNL. It was agreed that
LBNL would provide a copy of the final CEC/LBNL agreement for CALFED’s review at the
time of a CALFED award to LBNL. It should be noted that the proposed CEC/LBNL agreement
has been in negotiations over an extended period of time and is being reviewed by the Califoral.a
General Services Administration for their final approval.

As soon as a funding decision is made, please contact the undersigned wherein we will be able to
mutually determine the appropriate contracting mechanism.

In addition, please note that LBNL intends to award a two-year subcontract to John Hopkins
University (Applied Physics Laboratory) to support the efforts of LBNL*s Dr. Richard Fish, at a
cost of $199,691.00 (see enclosed budgets).

If you have any questions regarding this submission, please feel free to call me on (510) 486-
7391 or Facsimile No. (510) 486- 4386.

Sincerely,

Contracting Officer
E-Mall Address: RWWilson@lbl.gov

Enclosures

cc: R. Fish, w/o Enclosures
M. Beck, w/o Enclosur~
G. Bums, w/o Enclosures
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Polymer Technology
Applicant N~me: Richard Wilson

Telephot~e: (510) 486-7391
Fax: (510) 486-4386

Amountoffundhagrequested:$ 793 871 for2ycm-s

Indicate the Topic :tbr which you are applyit~g (check only one box/.

[] Fish Passage/Fish Screens [] Introduced Species
~1 ltabitat Restoration [] Fish M~magement/Hatchery
[] Local Watershed Stewardship [] Environmental Education
~ W~ter Quati .ty

Does the proposal address a specified Focused Action?X yes _no

What county or counties is the project loomed in?    Moreed Count~

Indicate the geographic area of your proposal (cheek only one box):
[] Sacramento Rivor Mainsthm 12 East Side Trib:
[] Sacramento ~db: [] Suisun Mar~ and Bay
[] San Joaquin River Main,stem [] North Bay/South Bay:
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Amountoffundingrequested:$ 793871 for 2 years

Indicate the Topic for which you are applying (ehee~ onty one box)

~ Fish Passage/Fish Screens [] latr0duc~d Species
~ Habitat Restoration [] Fish MaaagemeaffHatche~T
[] Local Watershed Stewar~hip [] Environmental Education
~ Water Quality

Does the proposal address a specified Focused Action?X yes no

What county or counties is tim project located in?    Merced County

Indicate the geographic area of your proposal (check only one box):

Prosneetive. rages 4-5. Comnrehenslv¢ Mohitodng, p~ges 7-9.

Contaminga~ls: Program Action 1 B, ~ 114. These ERP strategic obiecfives and ¯ ¯
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indicate the type of appgcant {chcck vnly one box):
[] State agency [] Federalagency
[] Public/Non-profitjointventure [] Non-profit
[~ Loca government/district [] Private party
[] University [] Other: National Laboratory

Indicate the type of project (check only one box):
[] Planning -~ lmplcrngntation
[] Monitoring 2 FMucation
[] Research

By signing below, flae applicant declares the following:

l./ The truthfulaess of all representations in their proposan

2.) The individual signing the form is entitled to submit the application on behalf of me applicant (if the
applicant is an entity or organization); and

3.) The person submitting the application has read and understood the conflict of interest and
confidentialit~ discussioa in th¢ PSP (S¢¢tion 2,4 and waives any and all righls to privacy and
conlldentiality of the proposal on behalf of the applicant, to the extent as provided in ~� Section,

Richard Wilson
Printed name of applicant

Signature of applicant
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Title Page

Project Title: Real-Time Sensors for Mercuric and Selenate Ions Utilizing

Templated Polymer Teclmology

Applicants: La’~rence Berkeley National Laboratory

Attn: Richard Wilson

1 Cyclotron Road, Berkeley, CA 94720

PI: Richard H. Fish, PhD.

(510) 486-4850 (Phone); (510) 486-7303 (FAX); rfish@lbl.gov

Collaborator within LBNL:

Nigel W.T. Quirm, PhD, P.E.

(510) 486-7056, nwqulrm@lbL gov

Subcontractor to LBNL:

Jolms Hopkins University

Applied Physics Laboratory

Laurel, MD 20723-6099

*George M. Murray, PhD

(443) 778-3882 (Phone) (443) 778-6914 (FAX

murra~ml ~.~)lcoratn.ihuavl.edu
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Executive Summary

Reel-time rnanagemem of west-side Smx Joaquin seMnium drainage and
maaage~ilent of Sacramento Basin mercury discharges are specified goals of the CALFED

Water Quality Proximal. A demonstration of the capabilities an d benefits of real-time

salinity management by the SJRMP Water QualJty Subcomurittce has received funding by
CALFED. Salinity can be mea.~ured in real-time through the real-time forecasting of the

seleniul~ (selenate, see43 ) concentrations. Therefore, water quality carmot be performed

with the requisite degree of accuracy for oumpliance purposes without the deployment of a

continuously recording selenium sensor device. In the Grassland Bypass Project, neither
electrical conductivity or flow are adequately correlated with selenium concentrations to be

useful in selenium load forecasting. In the case of mercmy mine dlseharge management

from sources in Cache Creek, lack of a real-time sensor for continual mercury (H~2+ [or

CH3ttg+]) analysis compromises the developmant and implementation of the Total Mass

Daily Load (TMDL) program actions (the Cache Creek Hg Group was just funded by

CALFED for this and other ecological studies), ~peeified amongst lhe CALFED water
quality actions. The project’s primary benefit is to inca’ease the frequency of meeting San

Jcaqnin and Sacramento River water quality objectives for SeO43-and Hg2÷ ion
concentradons.

Thus, this proposed project is focused on developing robust, real-time, selective

sensors for mercury (Hg2+) monitoring in Cache Creek in the Sacramento River Basin and,

as well, selenitma (selenat¢, SeO43-) monitoring in the San Joaquin River and its west-side

tributaries. Reseaneh, developmem, and deployment phases of the proposed two year
project involves the following tasks for application of state-of-the-art mffml/metallnid ion

templated polymer technology, previously used to develop a real-time~ selective sensor for

lead ions (pb2÷), to novel, templated polymer sensors for Hg2+ and see43" and includes:

(a) Synthesis of the Hg2+ and SEO43- monomer complexes ounlaining desigxter ligands for

optical and elactrochemieal detection; (b) Polyreerization of these templated monomer
complexes, to oreate several novel, t*mplated polymers selective to reintroduced I-Ig2+ or

$eO43- ions; (e) Fsi~eafion of ftber optic or electrode probes for field deployment of real-

time, seleellve sensors for Hg2+ and 8eO4a- ions; (d) Determination of the selectivity and

analytical sensitivity parameters (parts per trillion range), attd; (e) field deployment of these

real-time, selective sensor devices for long-term tIg2+ and see43- ion monitoring at

environmental sites of interest. See Scheme 1, for an explanation of the imprinted polymer

concept.                                                                . .
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or for t~t ~r a~ Ioxic meal ion of envi~ental ~tere~t, no real-t~ m~ment

[or acute toxici~ ~nitoring to mitigate the effec~ of ~e ~gh ~ncen~ffo~ of t~se

meal ions will ~ viable. The p~m~ s~ssor ad~ss~ by ~e pm~ is con~n~

en~g ~e low~ S~ Ioaq~ ~ver ~d C~he ~k. wM~ ~pti~ ~ ~ Sac~nto

~r. ~e pfi~ ~em ~d w~er q~W ~nefi~ of ~or de~lop~nt w~

~d ~) ~ow i~mv~ ~ag~m of m~ loa~ ~ ~ ~ ~ ~he ~k

~ncept of ~M-fi~ se~ for ~-~ ~osym~ ~gemont).

S~on~ ~nefi~ ~m serve Hg2+ ~d S~a3- ~or de~l~ent ~ a l~y

~ucfion M ~ n~r ~or mag~m~ of ~o~om of ~ EPA ~l~m c~on

obj~fives for ~

longfin ~lt, ~, wMt* ~d ~ s~g~n, s~ b~s, ~s~ne fis~ ~d

1~ ~ve~ebrat~, ~d Bay-Delta a~afie fo~w~ orgasm.
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Project Description
Project Description and Approach

The goal oft.he proposed project is to develop real-time, selective ~ensom for

mercury (Hg2+) monitoring in Cache Creek in the Saaramento River Basin and selanium

(selenate, SeO43-) monitoring in the San Joaquin River and its west-side tributaries.

Research, development, and deployment ph~.c~s of the proposed two year project involve

the following tasks for application of state-of-the-art metal/metalloid ion templated polymer
technology, previously used to develop a real-time, selective sensor for lead ions (Pb2+), to
new, templated polymer sensors for Hg2+ and SEO43- and includes: (a) Synthesis of

/~Ig2+ and SeO43- monomer complexes containing designer ligands for optical or

electrochemical detection; (b) Polymerization of these templated monomer complexes, to

create several new, templaled polymers selective to reintroduced SeO43- or Hg2+ ~ons; (c)

Fabrication of fiber optic/eleel~ode probes for field deployment of real-time, selective

sensors for Hg2+ and SeO,~3- ions and; (d) Determination of the selectivity and analytical

sensitivity parameters and; (el field deployment of these real-time, sal~tive sensor devices

for inng-term Hg2+and SeO47- ion monitoring at designated environmental sites.

Application of Templated Polymer Technology.

The concept of selective, metal/metalloid ion templated polymers has been studied

by Fish and co-workers (Hg2÷ and copper (Cu2+) amongst others (2), while Murray and

co~workers have designed, developed, and deplo~yed inslrumants for field optical and

electrochemical sensing of metal ions, such as lead (Pb2+) and uranium (UO22÷), as well
as organic compounds, such as the hydrolysis product of the nerve agent, soman (~/.

The basic templated polymer premise (Figure 1) involves: (Cartoon 1) forming a

imprinte~templated metabtnetalloid ion-monomer complex fellowed by co-polyn~rization

with a croaslinking agent, such as divinylbonzene, to form a templated metal/metalloid ion-

polymeric llgand matrix (bulk materials). The ultimate goal (Cartoon 2J of the t~mplated

met~metalloid ion-polymeric ligaad complex, thus formed, is to remove the template ion
by, for example, anid treatment, and the subsequent reinu’oduetion (Cartoon 3) of the

metal/metalloid ion used as the template allows repe~ted re.o:.gnifion, in a selective manner,
when other ions eornl~te with it for tim same polymcrin, spatially regulated ligand site.

Thus, selectivity for a specific metal/metalloid ion can be tailored by pngffding templated
polymers wfth spatially regulaled sites and comple.xing llgand~ so arnanged as to match the
charge, coordination number, coordination geometry, and ionic radius ~f the tome m~. tal

/metalloid ions to be detected.

4
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Figure 1

Telnplated Polymer Technique

S~)43- t Hg2+ ~ Temi~lated Monomer Templated polymer

Many sensor parameters that are critical for performance; i.e., selectivity,
sm~sitivity, and lack false positive r~spons~s, a~ not well developed and, apart from
Murray’s sensor devices, efforts to develop these metal ion sensors have not been
successful for the following masons:
1, Low selectivity: Compotition with other m~tal ions t~at might bind to the ligand.
2, Low sensitivity: pa~s per million range, rathec than the parts per trilllon range
3. False positive r~sponsos: Other rn~tal ions thmffer¢ by binding to the ligand site
diminishing the concentralion reading and misleading th~ analyst.
More importantly, as far as we aware, no ~elenium sensor eMsts or has been developed for
real-time environmental monitoring~ while those available for mercury ions are not

5
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selective, sensitive, reliable, nor portable. Clenrlv. new innovative approaches for
metaUmeta~oid, real-time sensors are urgently needed bv the envimmnental eommu~_.’~ty,
Synthesis of Hg2÷ and SEO43- Monomer Complexes and Polymerization
Studies to Create Templated Bulk Polymers.

Murray et at. have constructed both a lead (Pb2+) elects-ode and a fiber optic device
for real-time sensing of lead (Pb2+) ions in the 1-5 parts per trillion (pp[) rmlge with the
~--vlnylbenzoic acid-Pb2÷ complex.3a They have ~dso envh’onmetalty tested the Pb2+ ion
selective electrode device in rivers in Maryland. Thus, we wish to utilize this same
approach for constructing eleelrode and fiber optic devices for mercury (Hg2+) ion real-
time sensors, so that we can test this device the first year for selectivity and analyticai
sensitivity at the site,s of interesL llfitial studies will i~telude fluorescent spectral analysis of
the 4-vinylbenzoie acid-Hg2+ comple×, selectivity with other competthg metal ion~. and
analytical sensit’vity measurements ~ppt range) to determine appropriate parameters for real-
time analysis of Hg2+ ions at environmental sites of interest. Polymerization studies of the
(4-vinylbenzoic aeid)2Hg2+ complex, on an fiber optic or electrode surface will be
followed by testing at environmental sites of interest.

In another method, that may provide a more selective and sensitive Hg2+ ion
sensor, the following templated Hg2+-monomer complex win be synthesized by the
reaction shown below and its’ fluorescence spect~d pmpexties felly studied (Flgttre
The two uew approaches will be used to develop highly selective and sensitiw sensors for
both Hg2+ and SeO,~3- ions. The i’a-’st approach entails the photo-induced elantron lransfer
technique (P~T), where the non-metal containing monomer (Figure 4) do¢~ not provid~
fluorescence due to a quench of this optical phenomena via the non-bondi~4~ eleet~ns of
the nitrogen atoms, bat the Hg2+ complex does fluoresce when the nitrogen atom non-
bonding electrons are bound to Hg2+; Figure 5 shows the same process with the
templated polymer. Thus, high Hg2+ ion sdectivity to this system, already shown, b~ Fish
et al.(~A) for a somewhat similar n0n-fluorescent system, will expedite the Hg2+ ion optical

6
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sensor development; a similar approach can be aeeompl~hed for CH3Hg+ if there is

interest from CALFED.

Figure 3: Synth~i~ of a Mercury Selective, Monomer Ligand, Non~

Figure 4; Synthesis of a Fluorescent, Mot~omer-Mereury Complex

Flgllre .qt Demonstration of Quenehod (PET) and th~ l~ahane~d Flumeseenem Process with tim Hg

Templated Poiymer

The other technique for a SeO43- sensor, used pn~viously by Mtwray and co-

workers for a Saran/Somart sensor (3a.b), utilize8 a proposed tmropium ion-selenate

complex that shifts the fluorescence $peetaaml to a unique wavelength for highly, selective
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sclenate detection and quantitadon (Figure 6). Figure 7 clearly shows art example of a
shifted fluorescence spectrum for selective lead ion (Pb2+) detection at 544 rim.

Figure 6: Europium-selenate polymer for selective SeO~3-
detection via a fluorescent_wavelength shift

1.2- ,’’

._~    1.0- ~,

0.8-                                                ~’

480 500 520 540 560

Wavelength (nm)

Figure 7. The spectra of the templated benzoic acid methyl ester Iigand and its l~ad

complex. Excitation wi~h a 466.7 am line of the argo~-ion lase~, d~teefion of Pb2+ ioas at
- 544 rim.

8
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Fabrication of Fiber Optic Sensors.

As an example of how we will generate a sensor device~ these SEO43- and Hg2+

monomer complexes can be bound by in situ co-polyme "rmation to a 400 ~m optical fiber

surface. The luminescence spectrum of the pelymer-coated optical fibers should show the

same characteristic bands as Ihe precursor templated SeOa3- and Hg2+ ion ¢omplexe&

Prior to coating with the templated polymer, the fiber was washed with ethanol and distilled

water. Varying amo~m~ of the complex are then mlxext with styrene, combined with a
asosslinking agent divinyIbenzene (DVB), and subjected to polymerization with constant

mixing in the ultmsonicmor. Azobisisobutyronilrile (AIBN) was used as an initiator io the

amount of rongtdy 1 mole %. Polymerization.wil~ be carried out in a sealed vial with a

men (N2) atmosphere to avoid the quenching of the free radicals by oxygen.

Polymerization will be allowed to prece.ed until the content acquired a viscous/sticky

conatsteney, at which moment the seal is broken and the optical fiber dip-coated with the

polymer. Coated fibers will subsequently be cured ovemigh* with UV light. The polymer

coat is then swollen in the water/methanol solution and treated with EDTA or dilute acid to

release the templates, SeOa3- or Hg2+, coordinated by the polymorized ligands. The

fluoromctric probe will then be attached to the common trunk of the fiber. The polymer

coated onto the tapered end of the fiber will be excited evanescenfly (light activated) and the

re~ulliug metal-l~gand fluorescence will be collected into the same fiber, transmitted back to

tbe bifurcation (fiber) and registered through the other leg using a portable fib~-optic

spectrophotometer and portable lap-top computer (Ftgur~ 8).

A B
C

K
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Figure 8 The experimental setup. A argon-ion laser, B focusing hens. C bifurcated fiber.
D optical fiber coupler, E fiber oplic probe. F fiber optic core. G Ol’~giilal cladding, H

templated polymer coating, 1 anMyte solution, J fiber optic specttophotometer. K detector:

L A/D converter: M laptop computer.

Ecological/Biological Benefits’

The primary sttessor addressed by the program is contaminants entering the tower
San Joaqui~l River and Cache Creek, which empties into the Sacramento River, The

primary ecosystem and water quality benefits of sensor developinant are to: (a) allow real-

dine management of selanium discharges into the San Joaquin River and (b) allow

improved management of mercury load.s from wanes in the Cache Creek watershed.

Secotadary benefits front sensor development am a likely reduction in the number and/or
magnitude of violations of the 12PA selentum concemtration objectives for the San ~oaquin

River downstream of the Merced River and of EPA mercury objectives in Cache Creek.

Species and species groups benefiting from reduced selenium concentrations besides

chinook salmon and steelhesd trout, are delta smelt, longtin smelt, spllltail, white and

green stm’geon, striped bass. manne/nstuarine fishes and large invertebrates, and Bay-Delta

aquatic foodweb organisms.

During the final year of the research and development phase of the proposed project the

research team will upgrade key real-time SJP. water quality monitoring stations with the

prototype se]eninm sensor devise and deploy the mercury seatsor device at monitoring

locations downstream from the most important mercury discharge or source points. This
infm.mation provided by the final year deployment of the prototype sensor devices can be

used to assess the impact of other managemenat praffdees that attempt to reduce the toxie

metal ion pollutant load into the lower S/R and Bay-Delta. Species and species groups

benefiting from reductions in contaminants entering the Bay-Delta are delta smelt, longfin

smelt, spllttail, whim and green sturgeon, striped bass, resident fish species,

marine/estuariwa fishes and large invertebrates, Bay-Delta aquatic foodweb o~ganisms, and

waterfowl.

Non-ecological CALFED objectives addressed by the program include improving Bay-

Delta water quality for dthlking water, industrial, and recreational b~n~ficial uses. The

program will facilitate th~ control and timing of agricultural and mining drainage rc coincide
with periods when dilution flow is sufficient to achieve CALFED water quality

concentrations. The discharge into the SJR of agrloaltural drainage that is high in selenium

ts one of the most serious contaminant problem in the Bay-Delta. 8¢lenium (selonate~
See43-) has caused rep~luetive failure h sensitive fish species and devdopmental

deformities in waterfowl and sherebinis, because of its ability to bioaceumulate within food
10
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chains h~ plant and animal tissue to levels flint can be toxic to l~gher trophic organisms.
FinaLly, the program will be nlanaged to doveta~ with CALFED’s Water Quality Program,

the geographic scope of which is limited to the legally defined Delta.

Background and Biological/Technical Justification

Real-time management of west-side San Joaquin selenium drainage and management

of Sacramento Basin mercury discharges ate specified goals of the CALFED Water Quality

Program. A demoast~atioa o f the capabilities and benefits of rea]-t~ae sai~.ty

manngement by the SJR.MPIs Water Quality Subcommittee has received funthng by
CALFED. Salinity can be measured in real-time through the real-time ~orecasting of

seletfium w~er quality cannot be performed with the requisite degree of aceuracy for
compliance purposes without the deployment of a continuously recording selenium sensor

device. In the Ga’assland Bypass Project neither electrical conductivity or flow are~

adequately correlated with sele~um concentrations to be useful in selenium load

forecasting. 1~ the case of mercmy mine disch~:ge management from sources in Cache

Creek, lack of a continuously recording merettry sensor compromises the development and

implementation of the Total Mass Daily Load (TMDL) program actions, specified amongst

the CALFED water quality actions. The project’s primary benefit is to increase the

frequency of meeting San Joaquin and Saermnento River water quality objeetive~ for

selenium and mercury ion concentrations.
Deployment of Real-Time Selenate and Mercuric Ion Sensors.

Real-time sensor devices for mercmy (I~g2+, sensitivity in the ppt range) and
selenium (SEO43-, sensitivity in the ppt range) ions will be installed at ~xlsting moaitoring

sites currently maintained by the CRWQCB, USGS, and local agencies. The sensor

devices will be designed to give a 0-SV DC otrtput so as to be compatible wlth eurr~nt

daUtlogging s~tems such as the Campbell CR-10 used by the USG$ or the HAN"DAR

2000 used by the Departmeat of Water Resources. The sensor aevices can b~ used for

long-term mo~-itering, but will need to be BDTA or anid washed to remove the just

determined metal ion concentration alter each experiment. This proeedttre can ~e easily and
safely done on-site.

Location nnd/or Geographic Boundaries of Project

The geographic area encompassed by the program is the lower San Jonquin River

basin, including w~st-side tributaries, in the following counties: Stanislaus, Merced,

Modeste, San Jonquin, Theltuune; and Cache Cl’cek in Ynlo County.

tl
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Justification for Project and Funding by CALFED

Real-time management of west-side San 1oaquin seleldum drainage, and

management of Sacrztmente Basin mercury discharges are specified goals of the CALFED

Water Quality Program. Real-time forecasting of selenium water quality cannot be

performed with the requisite degree of accuracy for compliance purposes without the

deployment of a real-time, selective selenium (So043-) and mercury (Hg2+) ion sensors.

In the Grassland Bypass Project, neither electrical conductivity measurements nor flow

measurements are adequately correlated with selenium (Set43-) concentrations to be useful

in selenium load forecasting. In tlie case of mercury mine discb.arge mazlagement from

sources in Cache Creek, lack of a real-time mercury (Hg2+) ion sensor compromises the

development and implementation of the Total Mass Daily Load (TMDL) program actions,

specified amongst the CALFED water quality actions. The project’s primary benefit is to

increase the frequency of meeting San Joaquth and Sacramento River water quality

objectives for selenitm~ (Set43-) and mercury (Hg2+) ion coneenlratiuas. More
impo~antly, there are no available commereisl real-time, selective sensors for either

selenium (SEO43-) or mercury (Hg2+), a.~d thus a. global enviro~ need for these

of sensor devices would position the CALFED program as the leading agency in their

development, fabdcatioa, and deployment. Thus, these templated polymer ~rtsors are: (1)
Timely need for these devices; (2) more economical than sampling teehniquas and off-site

analysis; (3) Action can taken immediately to address environmental trroblem~; (4-) acute

toxicity events are known more qulokly via logged concentrations of toxic metal ions at

frequent intervals.

Monitoring and Data Evaluation
The monitoring data gathen~ during field deployment of the selenate sad mercuic

ion sensor devices will ee ¢ompar~ to field data collectexl by the CRWQCB and otl~r

agencies at key monitoring locations. Data comparisons will 1~ published, to eneourage

technology transfer for the now templated polyme~ sensor technology where appropriate.

Program Support and Comoatlbility with CALFED Objectives

The project is directly related to the recommended CALFED Water Quality Program

actions to develop a real-time selenium water quality manag~nt system for the lower San
Joaquln River, sad to develop a TMDL for mercury load management to Cache Ck’eek. The

project gonis have considerable support amongst tt~ potential user community ineluthng

San Juaquin River Management Program (S.1R_,MP), the California Regional Water Quality

Conlrol Board (CRWQCB-CVR), the United Stal~ Bureau of Reclamallon and local San

Joaquin basin and Sacramento basin stakeholders.
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Participants/Collaborators in Implementation:
San Jo&quin River Management Program (SJRMP); California Regional Water Quality

Control Board_ Central Valley Region (CRWQCB-CVR)
Uniled States Bureau of Reclamation: Local S JR basin stakeholders (reservoir operators.

water and drainage dista-icLs), The S JR Real Time Water Quality Monitoring Network
Demonslrafion Project confirmed the techmcal fe&sibility of real time monitoring in the

LowerS.1P, Basin. Successfulimplementalionofthisprojeetwill: Faeilitate the control

and timing of agricultural dr~nage to coincide with periods when dilution flow is sufficient

to achieve CALFED water quality concentxations (CALFED Priority Action [).

Support efforts of local watershed programs that improve water quality parameters of

concern within the Delta tributary watersheds (CALFED Priority Action 21) by providing

real time water quality data and forecasts to fiver stakeholders,

Scope and Tasks to Accomplish Project
The scope of work encompassed by sensor research and development

tmplementation requires funding for the following tasks:
Task 1 Synthesis and characterization 0H NMR, MS, Elemental analysis) of the

monomer ligands, N-(9-vinylanthraeenyl)TACN and 4-vinylbenzoie acid, and studies of

their fluorescence spectra to eseertain a unique wavelength for each [igand. or to observe a
fluorescence quench known as the Photohidueed Electron Transfer Effect (6 months to 1

year at LBNL).

Task 2 Synthesis and characterization( NMR, MS, elemetut analysis) of the monomer

N-(9-vinylanthracenyl)TACN-mercury (Hg2+) and bis(4-vinylbenzoic aeid)-Hg2+

monomer complexes and study of their fluorescence properties for specific wave-length

determination for the sensor applicarion. Synthesis and characterization of the monomer

trts(4-vinylbenzoic aeJd)E~t-SoO43- complex and study its’ fluowscence properties for

specific wave-length determination for the selenium sensor application (first year,

LBNL/JH-APL),
Task 3 Bulk polymerization studies of the monomer N-(9-vinylanthracenyl)TACN-

mercury (Hg2+) and bis(4-vthylbenzoic acid)-Hg2÷ complex, removal of the Hg2+ ion

~mplate with 6N hydrochloric acid treammm, and selectivity studies of the templated
polymers with Hg2+ ions and other potential eompedng metal ions in the actual water
sumples that will be used for future real-time Hg2÷ ion sensing. Similar studies with the

monomer tris(4-vinylbenzoic acid)Eu-SeO43- complex will also be accomplished using the

same protncol as doseribed for Hg2+ ions (cad of fast year and second year, LBIqL/JH-

APL).
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Tusk 4 Polymerization of the monomers N-(9-vinylanthracenyl)TACN-mercury (Hg2+)

complex~ bis(4-vinylbenzoic acid)-Hg2+, and the tds(4-vinylbenzoic aeid)Eu-SeOa3-
complex onto fiber optic and electrode probes for real-time sensors. Analytical data-

selectivity (l~gh for metal ion to be detected), and sensitivity parameters (ppt range) using

the set-up described in Figure 8 (second year), JH-APL/LBNL).

Task 5 Field studies with the portable laptop computer and fiber optic/electrode probe for
the accurate, selective measurements of both Hg2+ and SeOa3- ions at the enviromeatal

sites of interest (first year [Hg2÷] sensor and second year [SeOa3-], LBNL/JH-APL).
**See the Table below that we have constructed as the equivalent to the Hypothesis

Testing Information for Real-time Sensor Development in a specific Task sequence. To
r~iterate, it is is essential that all tasks are funded, since each task is cr~tical for the next task

to be accomplished.**

Real-flee Seasor Development in Sequence

Sensor Objectivesa

~ynthesis of the monomer I-[igh selectivity to metal ion of
Task 1 lig~ds selective for Hg2t choice is critical for sensor I~gh

and $eO43- development Priority
~ynthes~ Ot t~e monomer- Determination of the tmique

I~gh
Task 2        ~g2÷ ~l~d SeO45 complex and wave-lea~gth for specific          Priority

Bulk polymerlzation of I~g2+ Dete~-m~rmtlon crf tb~e selectivity
Task3          andSeO4~-; selectivltywith uponreit~t~oduel~o~tofHg orSe ~

the demetallatecl polymer to the bulk potymer material       Priority

~olym~riz~tion of monomers Fnbrieate s~a~aor device for te~tLrtg
TMk 4 (o the fibe~ optic / ~e for the ppt ~eztsitivity Iimtts High

)robes for se~asltivity studi~ Priority
~ the ppt r~,ll~

Task ~ Field studies at the ~ites of    Testing portable unit for long-High
interest described in the text term m~mitoring studies Priority

alt Should be dear that ~or each metal i(~ sertsor, file ~k sequmles, 1-~, has to be followed.

"lttus, inorc~er to f~hrie.ate a real-time sensor, each Task must be ~ccomplished LR sequenes~
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Schedule Milestones
First year: Synthesis of IIg~+ and ~eOa3- vinyl monomer complexes: selectivity to

competing metal ions, sensitivify studies in the parts per trillion range (PP0, and

polylneHzation studies. Start the fabrication of the devices, both optical and

electrochemical for Hg2+ and/or SeOa3-. whichever is more important to the goals of

CALFED.

Second Year: Fabrication of devices and testing the fiber optic and eleclrochemical

sensors for analytical linfit~ (parts per trillion), while initiating field tests.
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07-Apt-99 Lawrence Berkeley National Laboratory
Real-Time Sensors for Mercuric and Selenate Ions Utilizing

Templated Polymer Technology
(Prindpal Investigator - R. Fish)

Table 3 - Total Budget

Task Direct Direct Serv’iee Materials Miscellaneou~ Overhead Total
Labor Salary and Contracts and and other and Indirect Cost
Hours Benefits Acqnisition Direct Costs Costs

Costs
(inc. subcontract)

Task 1 1089 43,493 0 41,834 19,083 30,,548 134,958

Task 2

10.89’

40,935 01 39,374 17,960 28,75! 1271115

Task 3 1299 48,610 46,756 21,328 34,142 150,835

Task 4 1089 40,935 ( 39,374 17,960 28,751, 127,019

Task 5 2178 81,86~c ~ 78,747i 35,920 57,50~ 254,~9

Totals 6744 255,M1 0 246,085 "i 12,25( 179,695 793,871

Materials and Acqxtisitions includes a two year subcontract to ~ohns Hopkins University, Applied Physics Laboratory for a total oi
$199,691 (~eparate budget attached).



lawrence Berkeley National Laboratory
Rea~-Time Sens~s ~or Mereurlc a~d ~.lenate toms Utilizm8

Temphted Polymer Teeh~,~]ogy
(Pr~ndpa! 1~ve~tigator - R. Fis~O

~able 4 - Quarterly Bud~e[                                                                                                     I

Task Quarterly Quarterly Quarterly Quarterly Qu~_rterly Quarterly Quarterly Quarterly Total
Budget Budget Budget Budget Bud,~et Budset Bud~jet Budget Bucl~et

Oct- D~99 Jan- Mar 00 Apt- Jun 00 Jul- S~p 00 Oct- [X~:00 Jan- Mar01 Apt- Jun01 Jul- .~ep 00

I



ReaF’F~P.e Sensors ~or Me~cu~o and Sele~de Ions Utilizing
Templated Po~n~r Technology







Applicant Qualifications:

Richard H. Fish. Phl) (Staff Scientist/Chemist. Lawrence Berkeley National Laboratory).

Dr. Fish received a BS in Chenfi8try from the University of Rhede Island in 1961 and a

PhD in organic/organemetallic chemistry in 1964. His prhaa,ary research interest the last 6

years at LBNL has been in the environmental separation sciences field and focused on the

synthesis of designer polymer pendant ligandHtemplated polymers for Elective metal ion
removal from waste waters He is flee amber of over 125 publication,.:, patents, book

chapters, and reviews on organic, organometallic, add enviranmental chemistry topics.

Previous support of the imprinted polymer chemistry, FY 1993-FY 1997. by the U. S.

Department of Energy, Office of Environmental Managemenl.

George M. Murray, PId) (Staff Scientist/Chemist. loha Hopkins University, Applied

Physics Laboratory). Dr. Murray received a BS in Chemistry from the University of

Tennessee m 1982 and a PhD in Analytical Chemistry in 1988 from the same institution.
His primary research interests the last 5 years has been in the templated poiyraer fiald and

focused on the synthesis of designer templated polymers for selective metal ion sensors and

the fabrication of r~nsor devices, using both optical and electroelmmieal dete~don. He is
the ~uthor of over 50 publications, patents, book chapters, and reviews on environmental

and analytical chemistry topics. Imprinted polymer chemistry support FY 1997-FY 1999.

by the U. S. Department of Energy, Office of Environmental Management.

Nigel Quinn PhD. P.E. IGeological Scientist, Lawrence Berkeley National Laboratory)

Dr. Quinn received a BS¢ (Hens) in irrigation engineering and hydrology f~om the

Cranfield Institute of Tedmology in England, an MS in Agricultural and Civil Engineering

from Iowa State Llnive.rsit~ and a PIID in civil and environmental engineering from COmell

University in 1987. His pdmary m~arch interests nave cente~l on the development of

real-tlme forecasting tools for the San Joaqnin River and selenium fate and transport

modeling. He is the author of over 50 publications and reports on various aspects of water

resources and drmnage engineering.
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Attachments
Letters of Support

Letter to Mereed County Board of Supervisors.

~eographic map of areas of interes~
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April 13, 1999

o..o,o..oh
LAWRENCE BERKELEY NATIONAL LABORATORY
1 (;ycfotron Reed, 70-215A
Be~eley, CA ~720

SUBJECT: Grassland Area Fa~em Suppo~ for CALFED Gran~

Dear Dr, Fish;

The Gra~land Area Fa~em h~e a I~g h}s~ of suppoffing innovat~e
drainage r~uction stm~ies on the wast side of the San Jo~uin Valley. As the
proponent of ~e Grassland Bypass Pmje~, ~e Grassland Area Fa~e~ have
lavest~ millions of dollam In the pasl 3 yearn to improve monitoring and
f~rease conkol over subsu~ tile drain~e leavng the area. Sign~
mdu~ions in selenium loads ~tained In thes~ dlsch~es have been ne~sa~
to meet the strict selenium ~d limits imposed by the PmJe~.

~e CA~ED proposal entitled =Real-Time Sensors for ScienCe and Memud~
Ions Utilizing Templa~d Pol~er Tech~logy" Is of g~t interest to the
GrasSland Area Fa~em. The Grassland ~ea Fa~em s~nd tens of thou~nds
of dollars ~ch ye~ on selenium analys~ to mon~or dlscha~e w~h~ the
drainage area to meet mon~ly selenium load ~rg~. ~e most troubling
of these analyses Is the time it ~kes to obtain a result - ~ a ~k or ~om, A
real-~me selenium sensor ~at cou~ pmv~ inform=ion to our exiting
tel~ete~ mon~odng system ~uld not only save the Grassland Ar~ Fa~em
money but also provide ~re ti~ly

Slimly,

h C. McGsha.n
Drainage Coordinator for Grassland A~ea Farmers

JCM/p
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PANOCHE WATER DISTRICT

Dear Dr, Fish.
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Lawrence Berkeley Laboratory
1 C,~elotmn Road Berkele¥~ California 94720

(510) 486-400o

NIGEL WT QUINN, PhD,

March 30, 1999.

Ms. Lydia Beiswanger, Chief Deputy
Merced County Board of Supervisors
2222 M Street
Merced, CA 95340.

Dear Ms. Beiswanger:

Tiffs letter gs to inform you of our intent to submit a proposal to the CALFE, D B~ty-Delta
Program entitled "Re~d-Time Sensors for Selenate and Mercuric Ions Utilizing Templated
Polymer Technology". If successful in our application we intend to test this sensor at
sites within the Grasslands Drainage Basin and at gauging stations such as Crows
Landing along the San Joaquin River.

Agrieultural and wetland water districts within the county spend tens of thousands of
dollars each year on selenium analysis to monitor supply water mad drainage return flows.
The most troubling aspect of this analysis is the time it takes to obtain a result - often a
week or more. A mat-time selenium sensor that could be hooked up our existing
telemetered monitoring system could not only save these water districts money but also
provide more timely information.

Likewise, in the both the San Ioaquin Valley and Sacramento Valley, mercury ~ssociated
with sediments from mine sites, mobilized by rainfall-runoff events creates [mzards to the
dverine ecosystem. A real-time mercury sensor would help to provide quantitication and
early warning of these hazards.

We anticipate considerable interest in the suecessfrd development and deployment of
the~e sensors by water districts and wetland managers in Mereed County.

Sincerely,

Nisei W.T. Quinn

Geological Scientist
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