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BRIEF
This report presents major improvements in cell design to decrease the
analysis time, in electrode selection and pretreatment to inérease the éﬁability-
of the paraffin impregnated graphite electrodes employéd, in instrumentation,

data processing, and in reagent purification.
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ABSTRACT

Reported is a cell designed specifically for higﬁ'spéed anodic stripping
analysis. Metals amenable to this technique are determined at the 1l-ppb level
or less within 10 min total ahalysis time and with a pfeéision of 5%. The cell,
which_is closed at fhe bottom and partially open at the top, is rotated at a
high rate, thus forcing the sample solution into a thin film which is then
sparged of oxygen within 75 sec prior to the analysis. A stirrer of new design
and rotated at 1800 rpm is employed to assure the rapid accumulation of the
amalgam. Recommendations for the kipds of waxes suitable for the impregnation
of the graphite electrodes employed is given.

A step and hold voltage ramp is used in stripping the amalgam and the

resulting digitally recorded data are transferred onto magnetic tape for

processing with a user interactive program written for the CDC-6600 computer.
Two methods for purifying reagent grade KCl are offered. One involves
recrystallization; the other, amalgam exchange of electroreducible impurities

for aluminum ions.
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INTRODUCTION

The entire effort described here is directed first to the determination
of lead and cadmium, and later to other metals amenabie to stripping analysis,
in coastal, bay, and river waters. This effort is but a small part of a large, but
nascent, environmental study capability being devéloped‘at LBL. .

We were first attracted to the anodic stripping technique because of
its reported high sensitivity for lead and cadmium coupled with the fact that
no sample preparation or prior concentration was necessary. Hoﬁever, a review
of the literature reveéled that much improvemgnt in the current methodology
would be needed to decrease the time expended per analysis and thus to make the
method attractivé for the analysis of large numbers of samples. This report
presents major improvements in cell design to decrease the analysis time, in
electrode selectipn and pretreatment to improve the stability of electrode, in
ipstrumentation, in data processing, and in reagent purification. The
improvements suggested are based on experience gained in making nearly 3,000 scans,

Reporfed for the first time is a cell designed specifically for high
speed anodic stripping analysis. Lead, for example, can be determined at less
than the l-ppb level within 10 minute total analysis tiﬁe. This time includes
aliquoting the sample, sparging the solution, acéumulatiné the amalgam, the
stripping scan, and finally cell cleaning. Such rapiq analysis is mgde possible
through the application of the highly successful technique previously employed
to sparge the rotated mercury (1) and rotétea platimum cells (2). The-
presented celi is a cylinder which is closed at the bottom, partially open at
the top, and is mounted on a turntable rotated at 1,800 rpm in the.apparatus

previously described (1). This device is kinematically mounted on a platform



-2- | , LBL-679

to which a rack and pinion equipped stand is attached. Mouﬁted on.the verti-
cally moveable portion of this stand is the electrode QSSembiy which iﬁciudes
the reference, auxiliafy, and working electrodes, a stirrer of new design and

a second 1,800 rpm motor to drive it, and a nitrogen inlet tube. This assembly
can be lowered into or raised out of the cell as required.

In operation, the sémple (only 15 ml are required) and a ﬁeasured amount
of mecuric ion are aliquoted into the cell, and the cell is started rotating.
Centrifugal force causes thé solution to lie in é thin fiim on the wali of the
. cylinder where it is sparged of oxygen within less than 75 sec. After sparging,
the ;ell is stopped rotating and the sample solution returns to the floor of‘
the cylinder. At this point, the stirrer motor is started and the amalgam'v
accumulatioﬁ step begins. Although the stirrer is operated at 1,800 rpm; thus
stirring the solution very efficiently, no gas bubbles afe drawn into the
solution. The total analysis time required is about two thirds that employed
to sparge a conventional cell of oxygen. |

The presented cell does not have sufficient sensitivity to be uséful
in the determination of Pb and Cd in deep or mid-ocean water samples. A
proposed cell capable of detecting these elements at the,pqrts-per-trillion
level is briefly mentioned at the end of this repoft.

A comparison of the paraffin impregnated, mercury plated, grgphite v _
electrode (3,4) with the glassy carbon (5) and mercury éoated nickel elecfrodes (6) ' -
is made. Reasons for the selections of the graphite electrode are given and
pretreatment schedules are discussed. Co-deposition of mercury and sample
constituents is recommended.

The digipotentiogrator previousl& described (7,8) is employed to.control

cell potential. This device is capéble of a digital resolution of 0.5 MHz and a
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preéision of 0.01%. The diéital stripping signal generated with a step and hold
voltage ramp is stored in a pulse height analyzer operated in the multichannel
scaling mode. The data storage is time synchronized with the stepping of the
ramp. The stored date are transferred onto magnetic tape for dgta processing
with a large, user%interactive, program written for the Control Data 6600 |
| Computer.

Two methods for purifying reagent grade KCl are offered; one involves
recrystallization; the other, amalgam exchange of electroreducible impurities

for aluminum ions.

EXPERIMENTAL

Instfumentation, Reagents, and Materials. The digital instrumentation used was
described previously (7,8,9). The user-interactive computer program employed
in processing the stripping data requires a computér in the Control Data 6600
class plus a felevision console with light pen and teletype accessories.

All water used was purified in the following manner. It was first
siﬁgly distilled, passed through a 5-foot mixed-bed ion-exchange column, then»
fed into a quartz still. The distillate was collected iﬁ a well leached
h—gallonvpolyethylene carboy for storage prior to use.

A Beckman #39270 satu}ated calomel electrode was uged as reference.

Saturated KC1 solﬁtions, purified of trace heavy metalé as detailéd
below, were used as stock solutions for supporting electrolyte solutions and,
in.izl dilutions, for filling the reference salt-bridge.

Spectrographic rods 12 inches in length and 1/8 inch ih dismeter,

obtained from the National Cerbon Company, were used to prepare the paraffin



impregnéted-graphite electrodes. Chevron Refinéd Wax 154/156 AMP ﬁicro—"
crystalline wax, unrefined ceresin wak, and Sonﬁebérﬁ Multiwax 180M were used
for the impregnation. High purity nickel rod and strips of glassy cgfbon‘”"
(Beckwith Carbon Company) were also emplbyed in making electrodés; Thelcbﬁ—
struction details of thése electrodes are given below.

Nitrogen of the same purity described previously (1):was.employéd.in.
thié effort. It was saturated with water prior to admitting it to the celi by
passiné it through a 3-stage scrubber to prevent sample'evaporation.and to
minimize cell temperature fluctuatiéns.

' A 100-uf aliquot of Masero Laboratory's high purity mercury metal ﬁés '
dissolved in ‘dilute nitric acid. After dissolution the'solution‘was evaporafed
to incipient crystallizationito drive off excess acid; After being cooled, it
was made to volume in.100 ml. This stock solution containing 13.4 mg Hg2+/ml waé
used to prepafe, by dilution, the working solutions employed.v '

Stock solutions of other cations used were preparéd by dissolving the
required reaéent grade materials‘in appropriate acids, after evaporation of,.
the excesslacid, they were.made to volume. Wérking soiutions were prepared by

dilution.

Purification of Potassium Chloride. Potassium chloride'supporting electrolyte -

and salt-bridge filling solutions were purified of trace metals as follows.
Sufficient water was added to l-kg of reagent grade KCl crystals to.dissbl§e>  .
950g at room temperature (~ 23°C). This was effécted by magnetically stirring
the mixture overnight in an HCl.ieached, new, Pyrex beékér covered with
Parafilm. The following day, the saturated KC1 soiution was cérefully decanted .. -

into a second leached beaker and the cfystals remaining in the first container 3
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discarded. The decantate was covered with a raised watch;glass, then heated on
a hot-plate to evaporate\the water. When an estimated 20% of the'solution
remaineﬁ, the crystals and supernate were transferred‘to‘a sintered-glass filter
funnel and the supernate removed with vacuum filtration. The crystals were

then washed with small portions of ice-cold water, and transferred to a dry

container for storage.

Preparation of the Electrodes. The graphite rods were impregnated by immersing

them in the various molten waxes contained in large test-tubes suspended in a boiling
water bath. A vacuum was maintained over the respective melts to promote the rapid
outgassing of the grarhite. Although the outgassing was generally complete
within 15 min, the vacuum impregnation treatment was continued for one half hour
after the disappéarance of gas bubble activity. Such rapid outgassing portends
the production of good electrodes. Occassionally rods will be obtained which
give up their adsorbed gasses only very slowly. One lot continued outgassing
slowly for 3 days. The poor reproducibility and high background current
characteristics of these electrodes rendered them useless.

After impregnation, the rods are withdrawn from the melt and, after
being cooled, are stored in a dust free container prior to their being fashioned
into electrodes. The rods are broken és needed into pieces 10-mm long, finely
threaded, then screwed into the Lucite electrode holder described below. An
assembled electrode is potted by dipping the end of the electrode containing
the graphite rod into the appropriate molten wax. Upon soldiification, the
‘potted graphite rod is rubbed against #200 emery cloth to bare the end of the
electrode. Tﬁis is followed with rubbing against #600 emery cloth. Finally,

the resulting scrobiculate surface is polished to mirror smoothness by rubbing
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it against Whatman #541 filter péper. Other binder-free_paper shoﬁld serve as -
well. After washing with water, the éléctrode is ready for mountihg in the |
electréde assembly. |

Strips of gléssy carbon 1/8 inch wide were sawed using a diamond wheel, -
from a disc 6-inches in diameter and 1/8 inch fhick.‘ These strips were cut to.
10 mm-lengths. The resulting baguetsvﬁere polished on all'éides with diaﬁondv
dust then cemented with epoxy resin into Lucite electrode hqlders similar to-
the one described below. The exposéd glassy carbon end of an-eiectrode Qas-vv
washed with water Just prior to its use.

Nickel réd;-l/8.inch in diameter and 10-mm lohg, was finely threaded

then screwed into the Lucite electrode holder described below. The nickel and

holder was unitized by dipping into a Lucite glue. After being dried, the protruding

end of the rod was exposed and polished with #600 emery cloth. The electrode
was anodized then cathodized as described for platinum in a proceeding papér‘(l);

then thrust into mercury metal. The nickel surface will be immediately wetted

with‘mercury{ Excess mercury is removed, using a polyethylene spitzer connected .

through a filter-flask to a vacuum line. If the electrode lies in disuse for

some time it will be necessary to repeat the treatment just described.

Cell and Electrode Assembly Construction. The cell is constructed in the
folloﬁing manner. The wall of the cell is machined tb'thé desired outside
diameter from Lucite rod-stock then center bored to expose the interior} The
insiae is machined out leaving a lip at the top.7—mm smaller than the inside
diameter. This lip serves as & solution retainer when the céll is rotated. The
internal cylinder dimentions are 39-mm in diameter and SL-mm in length. After
cleaning the cell in the manner préviously described (1), it is attached with

three screws to a copper turntable dimensionally identical to the one described

-
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“in a previous papef, and mounted in the motor driver apparatus (1). The cell
is designed to give a film of solution ™ l-mm thiék upon rotating and thus
requires 15-ml of solution. ' |
| The cell and drive apparatus is kinematically positioned on a base
fo which a stand is attached. See Figure 1. The vertically movable portion
of the stand, equipped with a rack and pinion drive, serves as a support for
the electrode assémbly, stirrer, stirrer motor, and the nitrogen iﬂlet tube.
Figure 2 shows the spacial relations of the various probes with respect to
one another. All glass probes were Desicoted to-méke them hydrophobic. The
electrode assembly is situated concentrically with respect to the cell so it
can be raised or lowered out of or into the cell as required. In its raised
position, it permits aliquoting thé sample into the cell, in its lowered
position it serves as a cell cover. The base and stand are constructed from
algminum platé and the electrode assembly from Lucite plastic.

A packet of detailed drawings of this equipment will be sgnt upon

request.

Stirrer Construction. A piece of Pyrex cane 5-mm o.d. is melted on one end

to form a ball 13-mm in diameter. After being cooled, four grodVes are cut
into the ball, using a carbide wheel, at an angle of 30° with the ball stem.
These grooves must follow the spherical surface at a consfant depth'and be
symmetrical about the equitorial plane of the ball for a distance of 45° of
the surface. A groove depth of 2-mm will suffice. After cu£ting the cane to
the required length, the stirrer is fire-polished to eliminate the jagged edgesv
of the grooves. After Desicoting, it is ready for use. Again see Figure 2.
In operation, the direction of the stirrer rotation must be such that tﬂe

solution is forced downward.
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Recommended Procedure. The electrode must be positioned just aboVevthe-stirfei ‘

ball and in the strong downward flow of sampleksolution.'

Aliqﬁoﬁ 1-ml of a mercury solution containing‘27 ﬁg/ml into the Cell;:t.
Direct nitrogeﬁ ihto the cell at a rate of 5L/min or more during this opeféﬁion; 
Aliquot 15 ml of the water sample then, if the samplé is of fresh wﬁtép,'?SO;ul v
bof purified saturated KCl. Rack the electfode assembly doyn into the cell,>
Switch the cell motor on. Sparge.the thin solution film_#ith nitrogen at a flow_
rate of 5L/min or more.v After T5-sec, tufn the cell motor offlahd let it:éoast
to a stop. Reduce the nitrogen flow-rate to ~ 2L/min to maiﬁtain an oxygen-free.
environment abové the solution. The solution should'draih cleanly from thé'wall
of the cylinder. If it does not, the cell must be cleaned again as described
above. Switeh the ball stirrer on.- Impose a potential of -1.000 V xi.'SCE on
the cell and accumulate the amalgam for 7 minutes. Sﬁbp the stirrer S-éec-before
the initiation of the scan. Scan from -1.000 V to +0.350 V in steps of 7.5 mV
while simultaneously storing the digital data in thelanalyzer. If the sample.
characteristics are unknown, use a time dwell of l-sec per'cﬁannel dnd ébéerve-.,"“
the current—timé'decay pattern for each potential step on the éscilldscopé;  If'i
will do no harm to reduce the time-dwell employed in the second scan if the solution
conductivity is’great enough to permit it. See the discussion below. Upon.‘
terminating the scan, transfer the data onto magnetic tape then rack the
electrode assembly up clear of the cell; Add a.sufficientvquantify ofvthe
elements of interest to double the peak heights in an_aliquot of 250-uf or less.' 
Proceed with this "épiked" sample.as was just described sbove starting witﬁ fhe;j%
. sparging step. | | |
At the conclusion of the analysis, the electrode_ié polished witﬁ a

strip of filter paper ‘employing sufficient pressure to make a faint black mérk
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on the paper followed by a light buffing with tissue paper. The électrode is
now ready for the next.analysis. ‘

Suck the spent sémple solution out of the cell employing a plastic
spitzer connected throuéh a filter flask to a.vacuum line. Throughly wash the
cell with water and remove the wash water in the same way the spent sample was
removed. Aliquot the next §amp1e.

The calculations of the results are effected in this Jaboraﬁory with a
large computer in the manner outlined below. Since this a somewhat esoteric
‘way ofvtreating,the data, it should suffice to say that any legitimate numerical
or graphical méans may be used to arrive at the analytical function of choice,

i.e., peak height or peak area used for the calculations of the results.

‘RESULTS AND DISCUSSION

The inherent high sensitivity'qf the anodic stripping method is well
known; iﬁ has, in fact, been called "one of the most powerful electrochemical
approaches to trace analysis" (10). Despite this accolade, the method as it now
exists suffers ffoﬁ one or more shortcomings. ‘These problems and our sdlutiohs
to them are detailed below. | |

Thé most time consuming step in the.conventiona; anodic.sfripping
method is the 15 or more minutes required to sparge a cohventional cell of
oxygen. In contfést, the - recommended methodology requires less than T5 séc owing
to the incorporation of the highly successful technique developed and repofted
previously (1;2). In practice, the cell is rotated atjl,BOO rpm;.the sample
solution is forced into a thin film lying on. the wall of the cylinder. The
sample is sparged with nitrogen at éyminimum rate of 5L/min. The decay of thé'ﬁ

. oxygen current in the cell is measured after each 15-sec interval of sparging
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with a DME.held at -0.800 V vs. SCE serving as a surrogate for the stripping.'
electrode. The results are shown in Figure 3. Although thé.data indicate a-

sparging time of 2 min or more are required,.in actual bracticé considefable'i
sparging taekes place during the aliquoting step, s0 generally no more that

75 sec are required to reduce thevoxygeh current to the background ievel.

The decfease in the initial current with increasing KC1 éoncentrations fj'
reflects the salting outlof oxygen.with increasing ionic strength. And, té a
lesser extent, aﬁ increase in solution viscosity. The noticeable and reproducibie
convexness of thevsaturated KC1l curve is probably the result of the absorption
of water by the KCl from the water saturated nitrogen'used for.sparging} After
sparging, a low nitfogen flow—réte of 1 to 2 L/min is adequafe to prevent the
ingress of oxygen into the cell since the dead—volume‘fo flow-rate ratio is
small.

The manner of stirfing is one of the moét important coﬁsiderations'in
thé design of an.efficient cell but seemingly one of the least well studied.'vPobr
stirrer design is reflected'in the needless expendature of time to accumulate‘
the stripping amalgam. Sensitivity is usually compromised. Scores of examples -
exist in which the workers used nothing more imaginative fhan a magnetic
stirring bar. When employing a paddle or magnetic bar'stirrgr, efficient:
stirring becomes progressively more difficult as the sample volume stirréd
beéomes ever smaller. At high rates of stirrer rotatién, a vortex forms and
frothing of the sdlution eventually follows. Vortex formation and frothing aré
detrimental in stripping studies because they can interrupt or insﬁlate one or

more of the electrical cell leads resulting in a loss of cell potential control;
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Fréthing is especially troublesome because one or more small bubbles can

-
[y

attach themselves undetected to_the working electrode dufing‘the amalgam
acéumulation step thus partlally shielding it from the solution. Unexplainably
low results are then obtained.. In contrast, the presented stirrer will not
draw bubbles into the sample provided the solution level covefs the ball.

The effiéiency of the ball stirrer cannot be cdmpared directly to
the commonly used paddie or magnetic bar vafiety'owing to the aforementioned
difficulties; however, it has been used in péol type,.cdntrolled—potential,
mercury coulomefry cells with an efficiency some lO_ts 20% greater.than that
obtainable with a fotéted disc stirrer havigg the samé diameter és the ball.l
The disc stirrer will not froth the solution stirred hence _the comparison.

All working electrodes discussed below are situated parallel to the
floor of the cell and, at the same time, in the strong QOwnward flow of the
stirred solution. This orientation prevents the attachment of any advenfitioué
bubbles to the elecfrode surface and permits the in situ co-deposition of the
mercury and sémple without the collection of hydrogen buﬁbles initially formed
at the electrode because of initially poor hydrogen over voltage characteristic.

‘ To form'a basis for understanding the selection of the electrode type
recommended, it is neceséary fo explore. some of the principles underlying the
. stripping method. | |

The anodié stripping techniqge may be viewed as a'very efficient

electrochemical extraction in which the electroreducible substance is first

concentrated in the mercury phase to a level much gréater than it exists in

solution., To optimize the ratio of the stripping signal to background current,
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it is desirable, therefore, to keep the ratio of the mercury volume to solution
volume small. On the other hand, viewing the stripping technique as a
coulometric process, the time rate of accumulation of the amalgam (time
efficiency of extraction at a constant stirring efficiency) impfoves as- the
electrode area to solution volume ratio becomes large. The mercury volume
employed, however, then becomes necessarily large. These twb underlying
principleé are, from a practical standpoint, inimical; thus, any proposed
stripping electrode represents a comprise between some acceptable level of
sensitivity and the time one is willing to spend acéumulating the amalgam.

One of the first electrodes used was a hanging mercury drop (10,11).
This electrode was not entirely satisfactory for analytical work because the
rather large mercury'volume employed resulted in prolonged amalgam accumulation
times necessitating the use of large sample volumes. Scan rétes which were
consistent with good sensitivity gave poor resolution. To reduce the mercury
volume employed and thus to circumvent the aforementicned difficulties, several
thin mercury film-type electrodes were offered (6,13,14,15). These électrodes
differed only in the metal substrates used. As expected, the difficulties cited
for the hanging mercury drop electrode were ameliorated, howevér, the amalgam
appeared to alloy with the metal substrates of these film electrodes (13).
Some investigators found poor reproducibility (13).

In an attemptvto overcome the problems associated with substrates,
Matson and co-workers developed & mercury plated, paraffin impregnated, graphite
electrode (3,4). This, in our opinion, is probably the best electrode evef |

offered for stripping analysis, however, we differ with them on several

experimental points.



13- : o LBL-6T9

The pfevious workers recommended,using avfgood'grade of paféffin". We
can state unequivocallyAthat no casual relation exists between the pafaffin
used and the resuits obtained. Matson's thesis work (h) subsequent to the
initial disclosufe‘(3) seems to bear out this conclusion in part. - He used
éeveral impregnating materials: Gulf.brand imbedding waxes, gnd,polyethylene.
He,concluded the higher the-boiling point of the wax the longer the electrodes
will function. It appears that most of his work was performed employing 58°C
Gulfwax, imbeddihg ﬁax. Impregnation ofvthe gfaphite‘with polyethylene under
Vaéuum and near the decdmposition temperature df the polymer gave electrodes
initially compargble in perfdrmancé to his recommended wax;.however, they
ﬁendgd to develop cracks in the graphite-polyethylene interface resulting in
the‘seepage ofvsdlution into the elecﬁrode. This seepage caused the electrodes
to fail. |

| In our studies, we have attempted to determine the initial acceptability
and:long term stability of the various waxes_investigated. Both of these
features appéar to be critically dépendent upon the degree of order within the
wax. If an electrode is used immediately.after iﬁpregnation, virtually any wax
will do. Electrodes impregﬁated with an essentially 100%_crystalline wax such'
as the Chévron microcrystalline wax, however, .w_ill fail ﬁithin a few hour>s
.owihg to the cracking and the separating of the wax frgﬁ the graphite substrate.
Thié‘finding, in conjunction with Matson's report céncerning polyethylene,
indicates highly crystalline hydrocarbons are,Ain general, not acceptable as
imprégnation substances.

The higher the "amorphous" content of the wax, the greater ﬁillvbe the

long term stability bf the electrode. This effect seems to be ascribeable to an
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increasing delay in the final ordering of the éfyStalliné'phase.éffthe wax.
The Sonneborn wax which containé typically Lo% non;crystalline éubstancés was
used to produce electrodes which were stable for more thanvone monfh. Upon
failure, however, e&éry subseéuenf electrode fashioned from the same rod of
initially good material failed within a few scans. _Electfodes made with
unrefined ceresin function well for a week or more, but éﬁffer from>wat¢r
permeability as discussed in more detail below.

| Qualitative changes'in the physical characteristics.of the waxes—teste&
were noted in time after sblidifying’from their respective melfs. These -
observations may form & basis for screening new waxes for acceﬁtability without
the actual apd laborius testing of each one separateiy.

| Microcrystalline wax becomes hard almost to the poin£ of being brittle

and the presence of the crystalliné phase soon becomes apparent upon
solidification.

Unrefined ceresin wax is soft and flows easily under pressure several

hours after being cooled. Sites of crystal growth appear in a day or so and slowly

spread through the mass over a period of a‘week or'more. o '
The Sonneborh wax is the slowest to hardén;' Its,surface remains sbft,
stickey, and oily to the touch for days after solidification. No visuai
evidence of crystalliiation appears after a month of standing even though byv
.this time the electrodes initially prepared from the melt have begun to fail.
Experiments are underway in which a mineral cil baée is used to make
a series of waxes containing a known amount of crystalline hydrocarbon. These
results will be reported in_the future.
In this work,.fhe best results were obtainéd ﬁith fhe Sonneborn wax;

however, at this juncture; there is no guarantee that bther investigators will
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be as successful. Waxes are the by-products. products of petfoleum refining,
and as such, their compoéitions change from one produéfion run to the next
dependiﬁg upon the availability éhd price of various feedstocks and uﬁon the
"kind and quantity of various additives:added. Phenél substituted with long
chain hydrocafbons, for ekample; is comﬁqnly added to ihé extent of a.few
tenths perqent to waxes to increase their molten state Stability_to air
oxidation.

It.is imporfantAto be alert to the symtoms of electrode failure. The
manifestations of failure are probably as numerous and as varied as the-number
of waxes one might test. Microcrystalline wax electrodes exhibit high back-

' ground currents and poor stripping peak definition upon'failure. Bare graphite
electrodes behave similariy. Ceresin wax electrodes, at the onset of failure,
often yield cathodic indentations near the stfipping peak potential of copper.
See Figure 4. Once this phenomenon appears, anodizafion of the electrode
increases the indentation currenf depth and potentialIWidth. - The sensitivity
of elements yielding peaks atlpofentials.more negative than the indentation
suffers. They also become more prone to imbibe sample sQlution as they become
oldef._ Sonneborn wax electrodes fail suddenly and‘cémpletely. ~Figure 5 shows
a stripping polarogram made with such an electrode and Figure 6 is.é photo-
micrograph of the electrodé surface. Apparently mést qf.thé exposed graphite
particles are sloughed off the active surface. The cell.reéistance also increases
suddenly upon failure. | |

Electrodes made with Sonneborn wax.can be kept serviceable indefinitely
provided they are buffed often to expose new surface as described
in the recqmménded procédure. Failure of a microcrystalline wax eleqtrode, on the

other hand, is permanent and cannot be reversed by buffing.
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The behavior of the_ceresin wax electrode,is_remarkably-similafvto'v
that reported by Florence for the glassy carboﬁ.electrode (5). Both electrodes
are inseneitive‘to zinc--even when fhis element is present at the 200 ppB level.
The presence of just a mono-layer of'hydrocarbon adsorbed onto the plated
mercury, in the case of the ceresin electrode, could account for thls behav1or.
An adsorbed layer, 1nc1dentally, could also account for the noteably flat back-
ground current behavior characterlstlc of all hydrocarbon 1mpregnated electrodeef
tested thus fgr.. See Figure 7.

Further similarities.exist. Florence found, upon using a poiished glassy
carbon electrode, that the peak heights of the elements of interest obtained
on the first scan were somewhat lower than the peak heights observed on
successive scans in the same solution. He thus recommended a pre-analysis,
amalgam accumulation/stripping‘cycle prior to the actual analysis to "condition
the electrode". This effect is almost certainly the result of the gradual
ingression of sample solufion into his eleotfode; Similar results are found
with aged ceresin'electrodes. The&'are slowly wetted #ith the sample solution
_ upon standing as evidencedtby the change in the contact angle solutionodroplets
make with the sdrface in time, and by the gradual loss‘in reflectivity_of the
polished surface. Treatment of ceresin eleetrodes with'e surface acfive agent
endows them with a chemical memory.

As was noted'above for ceresin, a glassy carbon electrode, if anodized
for some time at +1.0 V vs. SCE will yield spurious peaks and indentations
when subsequently used for stripoing analysis. Simply wiping away the surface
haze or film which forms on anodization fails to eliminate the erratic behavior.

The proper functioning can be restored only by extensive repolishing with
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- diamond dust. There appears to be no basis for selecting glaésy carbon over
graphite. Glassy carbon is rather expensive.

Problems with ﬁhe aforementioned impregnation waxes aside, the primary
difference bétween_the methodology fecommended.by’Matéon (3,4) and that proposed
.here hinges upon the problem éf electrode stability. Matson inifiélly claimed
ﬁhat an electrode once plated with mercury was stable indefinitely provided the
mercury was not strippea off (3). This initial conclusion ﬁas apparently based
upon experience gained in analyzing a relatively small number of samples. We
_confirmed, as he did subsequent to his initial effort (L), that the stripping
fesponse deteriorates with time after the initial platingg‘ The background
current level increases and the peak height decregses with time upon continued
use. Several facfors, each individually or in coﬁbination, result_in this
deterioration of the sensitivity and reproducibility of a "permanently" plated
electrode.

Thus, Matson found that a plated electrode immersed in a 10-ml sample
solution stirred at7350 rpm with a magnetic stirrer exhibifed stability for
4 to 5 days. At stirring rates of.500 to 600 rpm eléctfode failure came in only
1 to 2 dayS'éf use; Traces of18208= remaining after oxidation of organi; matter
in water samples hastened eleétrode failure. ' The presence of particulate matter
or sediment in'wéter samples céused deterioration'inlless_than 4 to 5 hours -of
use under his fecommended conditiéns through mechaﬁical abrasion of the surface.
The stability decreased with the number of transfers of the electrode from cell
to cell or upon répeated rinsing or inadvertant rubbiﬁg of the surface. FEven
under optimum conditions of stirring (bubbling nitrogén,through the cell at a

rate of 0.17 L/min) and supporting electrolyte, the electrode could be employed
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for only 3 té_h déys‘using the'peak current heiéht} br_fdr 6 ddysvusing the
peak area as the anal&tiéal function. If the eleqfrodé'wéé ﬁsed at'potentiai.
values sufficiently negative to cauée'hydrégen.gés evolﬁtion,vthé stebility |
wgé,dramétically decreased. Analysis fof'ziné iﬁ slightlylgcidic medium.
ﬁecessitgted.cbnstént réfurbishing of thé_mércurf'covef;

| | The.ambunt of mefcury plated onto a graphité.électrode aléo had an .
effect on its‘stabiiity. At ;vsurface.loédiné of 5 x lO;TJmoies Hg/cm2-or
below, Matéon found litflg effect on the étaﬂility of the.electrdde. Abo&e
10_6 moles Hg/cmg,bhéwevér, the stability.began to deéréase. Very héavy '
coatings of mefcury'cauéed the eléctrode to fail at timeé ranging from 30
minutes to 3 hours.'>Failu£e‘of the electrode wasvaésignable to -the éoaiéscing -
of mercury droplets betwéen adjacent-conduéting sites on thé electrode.

The previous worker offered dirécf'viéuai_evidence of the differences
between a propérly operating electrode aﬁd one that had failed through electron
phqtomicfographs»of_co;lodion replicas of‘the.active SUrfaces, He was able to
correlate his photographic.evidence with electrochemical daté. :A‘new and
properly working electrode loaded with 1.5,X210—7 méles‘Hg/cm2 was coated with
drops of ﬁercury ranging in:sizé from 0.02 to 0.25 u in diémeter (0.15 u ‘average)
and were distributed over 65 to T5% of the total exposed_surfaceﬁ After the
electrode had been used repeatedly to the point of failufe, another exaﬁination
was made. Coaiescing of the initially‘micron—sized drops to drops approaching
one fiftieth_to bne'tenth the size of convenfionél hénging mercury drops'
appeared to be:the physical cause of failure. Baring of fhe graphité.sités
upon coalescence of the mercury was the suggested cause of the high residual

currents. The peak tailing and peak broadening effec£3'were the result of an

increase in the mercury thickness.
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It was in‘view of the rather pfecarioué stability of the permanently
plated electrode that we opted to investigate the in situ codeposition of
mercury and sample. The success of this approach depends upon tﬁo factors,
_both of which are easily controiled. They are: the spacial relation of the
stirrer to thé electrode, and the amount of mercuric ibns added.

-The electrode should be positioned just above the stirrer ball and in
the étrong’downward flow 6f.the solution as recommended. Positioning the
-eleptrodé at the equator of the ball sfirfer and about l-mm from it results .

' : |
in poor sensitivity and resolution and in high background currents. The strongi
| turbulence in this region 6f the ceil must be dislodging the mércury as rapidly
as it is being plated. |

The amount of mercuric ion added should not be less than 15 ug nor much
more than 30 pg in the recommended 15 ml semple volume. Use of much less
mercury than 15 Hg resﬁlts'in_incomplete electrode coverage and in high back-
ground currents. Use ‘of more mercury than 30 ug resuits in the deterioration
of the reproducibility. The reproducibility, discussed ip more detail below,
"is about 5% in the recommended range but onl& 20 to 30% at the 135 ug level of
mercury.  Apparently there is soﬁe critical drép‘size‘above which thé»mercury
is:swépﬁ.off the electrode. At the suggested‘mercury levels, however, no
problems are encountered when the améigam accumulation times selected are
between T and 20 ﬁinutes.

A simple de voltagé ramp 1s generally selected to effect amalgam
stripping. It is wéll known that stripping peak height, hence sensitivity,
is‘related either di%ectly (6) to the scan rate when:employing:a thin film

electrode or to the square root of the scan rate when using a hanging mercury
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drop electrode_(l?,lS). The former electrode. is preféfable fof analytical~work
_ since the-backgfbund‘pofential chafging'éomponeht ié épbroximately_;inearvover.
the potential range used ih'stripping analysié.v,CohvéntionaI mgthddology,
" therefore, requires that'réther,fast stripping scans beiémployed'to incfease”
the method sénsitivity. ‘Unfortunately, loss of resolutiﬁn for adjacént péaks
Aocéurs at veryAhigh scap rates owing to tailing because the electrode nevgr.
feacheé equilibrium (limited revefsibility) until the end of the scan. Potential
locétion of.the cﬁfrent peak cén also bé‘shiftéd'to more anodic potentials ﬁt
hiéh scan rates.. Peak tailing compliéaﬁes the interﬁreﬁatian_of the | ‘back— 7 
ground current making the measurement of the peak heights uncertain. | |

The pfesented approach employs a pbtential étep gnd hold ramp,.thus
alloﬁing the Stribping.scan to be treated as a collection'of discretevcoulometric,
evénts. ' The potential step height Selécted is generailyka comﬁromiée between
senéitivity and resolution.  The greater the potehtial increment, the greater
will be the sensitivity; however, the1resolution will be diminished; Tﬁe hold
time selected is that which permits the largest faradaic and capacitive current -
spikes encountered in tﬁe écan to exponeptially'decay‘to the background level.
Seé'Figure 8.'vThe_decay times encounteréd arevshort sincé'the thin film electrodes
are preferred for this work. ‘

Iﬁ pracficé, a hold period of from 0.2 to 0.8 seé is employed for éach
7.5 mV potentialxstép. The exact time interval selected depends upon suchv
factoré as the water éalinity,'hence ednductivity, and:uﬁén the concentration’
level of_the most concentrated element determined, mefcury excluded. -Allowing
suffiéient time to pass after each potential step assures the virtualiattainment

of equilibrium at the electrode thus considerably simplifying the programming
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taék of extrapolating the background beneath:the ?eak;. Furthermore, the highest
resolution for the potential increment selected is attained under these conditions.
and thé peak location does not shift by more than 6ne data channel.

" Considering the foregoing,‘it might be argued that there is no difference
in the results obtained using a dec famp over those obtéined using a step énd
hold famp provided both ramps scan the same potential interval in‘the same timé
interval; An equal degree of reversibility would be obtained. This is true. if,'
 however, a time twice as long as that necessary for reversibility vere employed,
the peak_heights obfained with a step and hbld ramp woﬁld remain the same
"because the same potential step height is rétained whereas the results, as
measured by the peak heights, for the dc ramp would be lowered by a factor of
two. This differente is not trivial. The presented approach permits the |
.opéfator to make a decision as to how long a time dwell interval is needed b&
observing the current decay after each potential step on the oscilloséope display.
Employing a .dc ramp, the operator must decide upon tﬁe_proper scan velocity
through trial and error or-through calculations based upén the estimated thickness
of the meréury film (6).

The stripﬁing peaks in a singlé sample can vary:by a factor of 100 or
more in-height. Analog signai recording would require éeparatevscans for eachl-
peak varying by a factor §f ten or less. Furthermore, unless the peak sought
is near the open circuit potential of the cell (W.E. vs. SCE), the recorder
offset/mﬁst be carefully adjusted. .Once the stripping signal is recorded in
analog fashion, no-further data processing is possible. The measurement of the
péak height is s&bjective because the extrapolated background current beﬁeaih
fhe peak is almost never a simple linear function.

The high digital resolution and the 0.01% precision, which the system

employed is capable, coupled with the digital storage of the stripping signal,
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obviates the»néed tfor rerunning samples contéining eleﬁenté'differing by factors
~of ten in peak height. Any portion of the stored éwéep éaﬁ-be exbanded to full
scale after the fact for visﬁai inspection usiﬁg fhe analyzer display sysfem.
See Figure 2. And, since the stored d&ta_can be transferred onto magnetic
tabe,-further-data processing with a computer is possible.

. TVFIT, fhe.program developed to deal with anodic stripping spectra, is
a user interactive packagé of féuﬁines ﬁhich»may be'operated in either of thé
two LBL Control Data 6600.compﬁters. "The basic operations performed include
background current fitting under single or convoluted double peaks, generation
of calibration cufves froﬁ a series of standard spectra; the deferminatidn of
the concentration of an unknbwn sample from previously éeneratéd calibration
curves, and the deconvolution of overlapping peaks. ,At present, the program
can treat 256—§hannel spectra containing éingle or doublé_péaks. It could
easily be expanded to meet other requirements in the anédic stripping program
of study or modified to treat peak spectral data génerated.with other kinds of
instruments which will be introduced into the ecology program. Figure 10 is a
schematic of the overall job flow and Figure 11 is a fléw diagram of the program.

To initiate a computer run, a T-track magnetic tape containingvthe

day's.recorded spectra is submitted to the computer center. ‘Altefnatively,
previously run'datu, stored in the CHIPSTORE library, can_be copiea onto a disc
file for processihg. A deck, consisting of oniy a few ¢ards'required to cohtrol
“ the job, is read into a card reader attached to the CDC—6hll computer. Thése
card images are retained on an associated disc, unfil being transferred to a
disc attached to one of the 6600 computers. When the job is executed,.the 6600

is instrpcted to fetch the malin program and its associated subroutines from the
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éata cell library. This program, which amounts to several thousand card imaées,
is loaded into core, preprocessed for any changeé; and is then executed.

When execution bgings, the program is in the calibration mode. . The
program requests a starting spectrum nuﬁber via a light¥pen message displayed
on the TV screen of the VISTA console. The operatof responds by teletyping in
the requested information. Upon.finding fhe requestéd épectrum, it is loaded
into core and is displayed in its entireity on the TV screen. The user indicates,
by means of a iight pen, the boundary markers before and after the peak or peak
set. These markers designate the points ét which he wishes the‘background fit
to begin and end. -Only the portion of the spectruﬁ indicated b& these markgrs;”'
is displayed full scale on the console screen. If twp ovérlapping peaks a;é
to be treated, the user‘must, in éddition to selecting tﬁe boundary markers,
indicate the péak channel numbers, agaiﬁ using the'light pen. To satisfy the
next program request, the name or names of theielement represented by the peak
or peaks is/a;é entered via teletype.

For a single peak, the program calculates then displays the least-squares
fit of the extrapolated background beneath the peak using the pfeviously
designated boundary markers plus three additional channels to the right or left
of the right 6r left marker, fespectively. Three additional éhannels are all
that are deemed'necessary for the calculation of the backgroundbin-viéw of the

virtually noise~free spectra obtained using the digipotentidgrator. See Figure

(79

12 The program, is allowed to fit up to a third qrder polynomial if, for example,
an inflection.point is required for the best fit. Althéugh the same boundary
markers are retained for each succeeding spectrum in the calibration series; the
polynomial order is free to vary with changing background conditions to produce

. the best least-squares minimization fit.
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The numerically integrated peak area is}held in_memory'after each_fitf"
Upon indicating the termination of a calibration seéries with a iight-pen message, »
the program then requests a concentration value for eachvspecsrum processed.
After supplying this information via teletype, the program calculates, by
least- squares, the equatlon for the linear callbration curve and displays this
along with the plot of the equation on the TV-console. The equation intercept:
is the blank concentration. For each Succeed;ng spectrun called up, the program
" will now report the peak area and the concentration as measuredvagainst the
previously calculated Calibration curve. Initiation of a new oalibretion run
destroys the o0ld calibration cnrve: -

‘In pr1nc1ple the manner of treatlng two overlapplng peaks 1sv51m11ar‘
to that used for s1ngle peaks A calibratlon serles 1svmade using a set of
standards,{folloWed by a_non—callbratlon series, in Wthh,the results of the
calibration run are employed to determine sample concentrations. In practice,
however, there are seVeral eomplioations.’ Since'it_is‘necessary to obtain the
area under eaeh peek as though it were by itseif, a‘beSt fit is made to the pair‘:
using a sum of two gaussian'fnnctions. Once this is done, ﬁhe backgronnd is
subtracted_andveach peak aresa calculated by numericallywintegrating its gaussian.
See Figure 13. From fhis point on, the program simultaneously oarries onvdouble
calibration runs. Once the calibration curves are established, the program fits
gaussians to eaon sample‘spectrum, and the two concentrstions'are calculated
from the»swo calibration curves.

| From the foregoing exposition, note that, first, fhe program is subJectire

' .only to the extent that the user is permitted to select boundary markers and to _

indicate whether the fit is to be made to one or to two peaks. The background
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fitting and peak area integraﬁion'processes aré wholly objeqtive. This is an
important considersation if unskilled help is.enlisted. Sécond, very little
user tfaining is required to execute the program,.and third, the spectrum can
be processed at a rate exceeding 3,000 per.hour with a visual check. Invfact,
the data processing could bé fully automated by by-passing the VISTA routines
if experience proves fhat day-to-day éamples from the same source do not vary
appreciably with respect to background or pesk channel considerations.

Peak area rather than peak height is selected as the analytical function
of choice bécausé it is useful fdr processing Stripping data from solid
electrodes (19,20) as well as from the amalgam électrodes'ﬁsed in this wbrk;

TVFIT was written to take advantage of the bn;line‘interactive faéiiities’
at LBL. Therefore, it might nqt be'airectly sgited for usevat other installations.
GOVernment-funded institutions may , however,:make ﬁse 6f fhe LBL Computer Center
facilitiés either in person or via femote_terminéls. vThe latter may take the
form of eithef‘a complete remote batch iefminél, or a teletipe,.acoustic—coupler,
teleﬁhone hookup. Interested parties are invitea to cbﬁtaet the authors fof |
further information. |

No siﬁple statement.regarding feproducibility céh be made. Reproducibility
‘is a functiqn/of the agé of the électrode and the nature of the sample as was
previously diécussed. Under ideal lsaboratory conditionsvembloying 2 new
electrode and énalyzing lead in a supporting elegtrolyté solution composed of
reageﬁt grade salt and quartz distilled water, a precision of 0.25% is obtained
at the 4-ppb level. Under similar conditions but.using an old electrode which
requires frequent buffing?va precision of 5% is dbtained} In the analysis of
unfiltered natural water samples, however, a pfecisidn if better than 5% is seldom
attained--even when using.a new electrode. Since this degree of reproducibility

is attained for Pb at the l-ppb level and also at the 10-ppb level for spiked
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samples, the results must depend epon the sedimenﬁ/eiectrode1ebraeioneeffeet
discussed by Matson (4). Similar results are obtained fer'eadmiuﬁ;

- The stendafd addition techﬁique is feeoﬁmended ig the analysis of'naturai'
waters. The iﬁtroduction'of coﬁplexing agents from human or indusfrial soﬁrees
can affect the stripping peakiheights and potentiel loeafiens Just as they can
affect polaroéraphie wa&e heights énd half-wave potentiel locatiohs. .For this v
reason, development ef standard calibration curves in the.laboratory employing
reagent grade chemicals for use on samples obtained in_the field should_he ‘
discouraged. | |

Althouéh a progrem exists to deconvolute overiepping.peaks, a sifﬁ&tidnwf
has never been encountered in natural waters which requiresiits use. Thee1
precision obtainable for pesak pairs depends upon the degree of over-lap, the
relative peak heights, and upon the complexity of the background fit. The
calculation of the standard deviation for each pesak is complex and is treated
in standard texts on statistics.

One of the most difficult problems assoc1ated with strlpplng analysis
and one Whlch generally has no 31mple or. unlque solutlon is the purlflcationv
of the reagent grade chemicals employed as supporting electrolytes. This
problem of purityiend not the inherent sensitivity of the method ie.the
limiting factor in the efficacy of the procedure; Several solutions to the
problem have been proposed, none of which is entirely satiefactcry. Ion-
exchange is poorly effective because the major cations or enions in a supporting
electrolyte solution have some exchange affiniﬁy and thus greatl&'reduce the
resin affinity for the offending ions which are typically present et the parts
per billion level (21). Controlled potential coulometry, while effective, is
slow and requires batch-wise treatment of rather small portions of solution (22).

Solvent extraction can be used to advantage, but since the extractant is usually
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a strong cbﬁplexing agent employed in exceés, one faces.the problem of completely.
removing it afﬁer the extraction. Negative blahks‘owing to the masking of the
element deﬁermined are more troublesome than the positive énes encountered
before the extraction.

| The purifiéation procedure recommended for'KCl.is’an adaptation of a
crystalkadsortion study made mén& years ago by workers employing
radio-tracers produced from the decay of radium sources (23,2h). A general
conclusion of these workers, as stated by Sandell (25), is that if the trace
component ,is a cation, the cation of the predominsate crystal phase should have
an ionic radius near that of the former. Thus, essentially, all the leéd,
cadmium, and thallium impurities are adsorbed ontokthe surface of the excésé."
KCl crystals. The method is chh more effegtive, if the dissolution is carfied
out at room temberature. Initial dissolution of'the.Crystals with heating
followed by ?roldnged coo6ling fo permit the gradual formation of crystéls seems
lesé effective iﬁ rémoving the trace hea&y elements, although the same degree
of separation Shouid be approached in time. The optimum excess crystalline.KCl
is 5-10% of the tétal KCl used (25), however, a much wider range can be
tolerated.‘ See Table I. Electroactive substances such as copper and zinc are
held in thé-solveht phaese. This is the reason for the evaporation of the
saturated KC1 solution to a small volume followed by vacuum filtration in the
recommended procedure. The filtration step removes much.of the copper and 2zinc.
The recovered cfystals are purer by a factor of 20 to 30 than the starting
material and no foreign substances are introduced;s

Similarly, sodium chloride can be effectively purified in the same

manner as KC1.
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| Other'possible supporting.electrolyte salts K SOh, NHhN03, and KNO3.”
were found to contaln 257, 1bk4, and 280 ppb lead on a solute basis, respectlvely.
No purification. procedures were developed for these salts but, as was 1llustrated
with KC1, one must not_assume that recrystalliZation necessarily gives a purer
product. - | - N |
Amalgam'exchange of trace electroactire ions for’electroinactlve :
aluminum ions_is another nethod briefly investigated'forlpurification of neutral
_or slightly basic.supporting electrolyte solutions. A saturated aluminum/mercury
amalgam develops a potentlal of -1.535 V vs. SCE in a saturated KC1l medium at
23° Shaking such an amalgam w1th a portlon of an unpurlfled,_nltrogen sparged,'
_ supporting electrolyte solution adjusts the oXidation state ofiall redox‘couples' ‘
to =1.535'V in a‘short time since the amalgam breaks up into myriad droplets
on being.shaken. The solution_volume to‘amalgam'(electrode) surface area is
therefore very favorable when viewed as a controlledspotential coulometric
process. The removal of aluninum‘h&droxide formed owing to the slow_reaction
of the amalgam w1th water, presents some problems CentrifugationVSeEms'to be
the 51mplest.means,of removing the perc1p1tate. Although this. ‘method is capable‘r'
of produc1ng solutlons conta1n1ng <'1 ppb lead, it is a batch-w1se process
' relegated to the treatment of small solutlon volumes whlch requlre fUrther
man;pulat1on to remove the excess alumlnum. For these reasons, It is unattractire'

as a general procedure, but available if needed.

FUTURE WORK -
Future'reports will concern electrodes, cells, and instrumentation.
Electroae stability is of pressing concern now, Research is continuing in this
area, and hopefully, production of an electrode havingrnuch,longer term

stability than that.reported here will be possible.
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Isotopic dilution mass spec#roScopy has lbhg dominated the field of trace
ahalysis at the parts per trillion.igvéls; When one coﬁsidersbthe l—literhénd
more sample volumes speétroscobsist often employ; there is no practical reason
why anodic stripping couldAth be made compétitive, prdvidgd it too could:bé
modified to deal with large sampie volumes. It éeems relatively simple to devise
a flow-cell which would permit the attainment of such low ébncentration levels.
Such a cell will be reported in the future. It is anticipated that a sample -
~through put many times greater than the 1 to 3 analyses per day now attainable
' wifh mass spectroscopy could be achieved. | '

In field work, container contamination of water samples is an eﬁef
present problem which becomes progressively worse as the time lapse betweeﬁ
sampling and analysis increases. The sheér weight and bulkbof the water samplés'
limit, to a large extent, the humber of samples one mightvtake on an outing,b
especially if the distances between the sampling site.and the transportation
are great. These difficulties are the result of inadequate field instrumentation.
It would be far better to analyze the samples on site. A preliﬁinary engineering
study indicafes it is possible to build a field instrument weighing less thah
25 1lbs. Such instrumenf would include a‘digipotentiogrator, a step and hold
voltage ramp, a system timef, a minature strip chart recorder to record and
view the fesulting dats on site, and a cassette recorder to siﬁultaneously record
the digital data. One channei'could be reserved to recofd voice descriptions of
the sample. The digitally recorded data could be processed in the laboratory'
with the computer ?rogram Just described. Off-site recording, therefore, need
not compromise precision; The rotatedvéell andvrequisitevequipment would be

operated from a rechargeable battery pack. The nitrogen required for sparging
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could be supplied by controlled thermal decomposition of amonium nitrite.: The .
instrumentation could also be empléyed for fieid'specﬁfomefric or potentiometrié

measurements with vefy little modification;'
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Table I.  Effect of Conditions on the Purification onKCl

g KC1/100 ml H2O _ 8 KC1 undissolved - ppb Pb in supernatea

150 S 120 35

50 ; B 20 : - 5.2

35 | I s . ko

: ' ' ' . _ (Starting

30 a 0 B _ l307Mat‘erial)
60° . '- | 30 28

- | | 3¢ LT

All samples prepared by stirring 21 hr. at room temp. (~ 23°C).
fCalculated on solute KCl basis.
' bSolution heated to boiling then allowed to cool to room temperature overnight.

cAnalysis.of a sat'd KC1l solution pfepared'in 1965.
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»FICURE CAPTIbNS
Fig.ble. The Rotated Apparatus.and'Electrode'ASsemhly.
Fig. 2. The Electrode Assembly -
Reflected in a mlrror pos1t10ned beneath the assembly ere counter-clockw1se'
the glass ball stlrrer, the platinum counter-electrode the_nltrogen inlet
tube, the’ 1mpregnated graphlte electrode, the reference salt-brldge, and
the sample port._ | |
Fig. 3. Cell Sparge Behavior with Time.
Fig. 4. The Cathodic Indentation.
upper trace: A normal stripping polarogram;' The:peak isfdne to:the'presence_
R ofAcopper. | | | ;
lower trece;‘ The cathodic indentation; ,
Fig. 5. The Sonneborn Wax Electrode at Failure and After Repplishing.
| upper trace: Anodic strippingZpolarogrem'taken at'the point of'failure.l
Shower of p01nts at the beg1nn1ng and end of trace is the
.result of dlsplay fold—over ow1ng to the hlgh background
‘current.
lower trace: A scan of the same solution with the failed;eleetrode;
h'after buffing the surface. Note that the-background
current is much lower. |
Fig. 6. Photomicrograph (230X) of the electroaevused-to obtain the'uéper trace
v in Figure S.‘ The surfece is almost deuoid of grephite sites. |
Fig. 7. A Comparison of the Graphite Electrdde and.Mercur&-Nlckel'Substrate
. Electrode; | | | o
‘upper'trace:- The.mercury—nickelisubstrate electrode.responeervtﬁ'

lower trace: The impregnated graphite electrode. '
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Fig.
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Conditions for both scans: T min amalgam accumulation time, AE = 7.5 mV/step,
At = 0.8 sec/step.
Solution for both scans: O.HM KC1l containing 27 ug Hg/16 ml total sample
volume.

Note the much greater sensitivity for the lower trace and the noteably flatter
background response.

8. Current-Time Decay Curves for the Stripping of Pb at the 2-ppb Level.
Solution: O.HM KC1l containing 28 pg Hg/16 ml of sample.

Conditions: AE = 7.5 mV/step, At = 0.8 sec/step,

analyzer advance rate = 100 channels/sec,
E start = -600 mV, E stop = -492 mV.

9. Digital Display of Anodic Stripping Scans.

Lower trace shows the complete scan. Note the barely discernible peaks of
cadmium, lead, and copper and finally the very large mercury pesak.
Upper traces are the digitally expanded peaks barely visible on the lower
trace.
Solution: O.hM_KCl containing 27 ppb Pb, ~ 10 ppb Cu, ~ L4 ppb Cd, and

27 ppm Hg. Total volume is 16 ml.

Conditions: See conditions for Figure T.

10. Schematic of the Overall Job Flow.

11. Flow Diagram of the Stripping Analysis Program.

12. Computer Display of a Lead Peak and the Calculated Background at the
1-ppb Level in 0.LM KC1.

13. Computer Display of a Two Peak Fit to Cd and Pb and the Calculated

Background Fit at the 13 and 42 ppb Levels, Respectively.
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Fig. 8
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'BEGIN PROGRAM

ENTER CALIBRATION

MODE

READ A SPECTRUM

SEARCH TAPE 5 FOR

| PROCESS SPECTRUM:

FOUND

ELIMNATE BAD CHAN-
NELS. .
FIND ENDPONTS, ETC.

USER
OPTIONS:
CHOOSE NEW BACK-
GROUND NUMBERS

760 TO NEXT SPECTRUM
ON’ TAPE 5

READ IN A NEW SPEC-
TRUM NAME

. [[END_CALIBRATION RUN |+

BEGIN NEW CALIBRATION
RUN

LTERMNA?E;‘ '

R B—

SPECIFIED SPECTRUM

LBL-679 .

YES
FIRST SPECTRUM? j
NO ’
i
CALCULATE BACK-
GROUND CURVE
UNDER PEAK
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[DOUBLE PEAK ?
INO

:
NAME — TTELETYPE : INPUT @@

—

[ pane- S Py
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JoB .-
bt
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READ -IN ELEMENT NAME(S)

USER INPUT

FIT DOUBLE PEAK TO SUM
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]

I

DISPLAY ROUTINE
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AND CONCENTRATION(S)

(1) DISPLAY SPECTRUM AND ‘BAC’KGROUND;
(2) DISPLAY FITTED GAUSSIANS IF A

(3) NON CALIBRATION MODE ONLY
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(USER CONTROD

READ- IN CONCENTRATION

CALCULATE “BEST-FIT "

" | CALIBRATION  EQUATION(S)

DISPLAY CALIBRATION
RESULTS
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Fig. 12
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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