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RESEARCH OBJECTIVE (From the original proposal)

The goal of this program is to develop, optimize and deploy a silicon-based
micromachined $ripping analyzer for field monitoring trace levels of chromium and
uranium. Swch system will integate the sample-handling steps and necessay chemicd
readions (wsing a flow-injection operaion) with the adud ad®rptive stripping
measurement on a small planar chip. Besides the dradic redudion in the size of the
analytical system, such miniaturization should lead toincreased geed, minimal reagent
consumption and disposal, higher sensitivity and improved preision, and would thus
revolutionize the way by which toxic metals arebeing monitored.

RESEARCH PROGRESSAND IMPLICATIONS

Two avenueshave been explored over the past2.5 years for achieving the overall
goal of field monitoring of Cr and U, as vell asof other toxic metals. Thes include a
micromachined hand-held flow stripping aralyzer and a emotely deployed sibmersible
stripping probes. Bah routes $ould allow teding of tracemetals more rapidly and easily
in afield setting.

Remotely deployable sibmersible snsors, capale of monitoring metal
contaminants both in time and locaion are advantageous for environmental monitoring.
Over the pastyear we expanded the sope of our remote monitoring cagbility by
integraing a mple procesing ca@bility. Sud coupling of the sample handling with the
adud dripping ddection on a cale platform represnts a pwerful and innovative
appoad for in-situ environmental analysis.

Our initial flow probe was designed for ddivering internally the ligand and
caalyst (DTPA-NO3) esential for adrptive-caalytic measuements of trace Cr(1).
Sud renevable-reagnt sensor thus Elies on delivery the reagent solution, its
complexation readion with the Cr ion colleded in a £mi-pemeable microdialysis
sampling tube, and transport of the mmplex to the downstream detecior. The resulting in-
situ sensr has a deection limit of 0.1 ppb Cr, as w# asgood predsion and stability (e.g,
RSD of 6% a 25 ppb), with no cary-over (memory) effeds (e.g., Fig. 1). A stable
response was observed for both Cr (VI) and Cr (l1l) spedes.

Performing on-cable various sample manipulations was shown to offer
additional advantagesFor example, a ‘built-in" acidification capability wasemployed for
monitoring the tdal metal concentration (2). Sud on-calde aidificaion of the wlleded
samples offeredan in-situ release (deomplexaion) of metals bound to various ligands.
This was acumented for samplesrich with NTA andEDTA. The released metals wee
detected by stripping potentiometry. The design of the flow probe is shown in Figure 2.
The versdility of this submersible ‘microlaboratay’ was dmonstrated also for
circumventing in-situ common problems asociated with gripping analysis (3). In
particular a judicious choice of the internal solution was shown useful for addressing the
formation of intermetallic compounds or overlapping signals. These wae acomplished
through an intemal delivery of athird element or amasking agent, respetively.

Additional efforts in the diredion of remote dedrochemical sensors have led to
the developments of useful probes for in-situ monitoring of trace mercuy (4) and
nitroaromatic explosives, sud as TNT (5), in connedion to potentiometric gripping and
square-waveoltammetric ddection, respetively.
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Figure 1. Performance of thein-situ probe for monitoring trace Cr: (A) Stability and B) carry-over
experiments. (A) Repetiti ve measurements of 25 pb Cr(VI); responseto aternate exposures to low (5ppo)
and high (25pph) Cr(VI) levels. Preconcentration time, 30 sc. (Fromref. 1)

We have designed and fabricated different configuraions of the mcromachined
metal analyzer (e.g., Figure 3. Sud hand-held flow systems integate the sample
procesing gep wth the gripping deecor. We used a arrangement of functional
modules (inch?), stackel on top of eah other, to form the miniaturized flow system.
These includethe sample and ligand resevoirs, micropumps, mixer, readion coil, flow
detector, and eledronic control. This repreents the smallest metal analyzer ever reported.
Sud dramatic scding down has been very challenging (from the microfabrication angle)
and led tovarious clallengesor obstacles (eg., solution lesks, pump gahility, peeling off
of electrode layers), ad hence to déaysin our pannedFall 99 delivery. We are working
closely with our new sibcontractor (CaseWedern Reserve University) for addessing
these chllenges, ad have requesed a lyear no-cost extension for completing the
planned evaluaion of the microanalyzer and demondration of its attradive
analytical/field performance

PLANNED ACTVITIES

During the 99 simmer, ad in FY2000, we &pect to expand the on-calde sample-
manipulations capability, by integrding more challenging processesin a so ched ‘Lab-
on-Cable’. Such submersible ‘microlaboratory’ will perform all the recessary sample
pretreament seps, dould have a major impact umn the monitoring of priority
pollutants. We have reently completed the design of this device, and planning to
characderize,optimize, and testit thoroughy during the mwming 15 months.

We are aso planning to receve from our sibcontract the final design of the
micromachined flow metal analyzer ealy this simmer, and expect to assessd optimize
its performance during the Fall 99 peiod, and extensively test ad demnondrate its unque
capmabilitiesin lab and field settings duing the FY 2000 seamn.
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Figure 3. View of the stacked micromachined flow analyzer for adsorptive stripping monitoring of metal
contaminants. (From ref. 6.)
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