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A NEw_cELL'FOR RAPiD‘ANODIC.STRIPPING.ANALYSIS*':
A User-InterectiVe'Compﬁter Preérem fef the.Analysisvof AnodicfStrip?ing Data
| :Reyeé;:Clem;'Gerfj Liffoﬁ, ahd_Lawrenee‘D. anelasi .e |
o Lawrence Berkeiey}Laberatory
University of Californisa

Berkeley, California 94720

June 1972

BRIEF"
Tﬁis report preeeﬁts mejer.improvements,iﬁ ceii-design to'deerease the
analysis time,vie eleetrode selection and pretreatment fe'inerease_the stabilit&
of the paraffin,impregnated_graphite electrodes employed, in instrumentation,

data prqcessing; and in reagent purification.
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| A WEW CELL FoR slPIb ANoDIc sTRlﬁflﬁo-AnAtYSIS*
A User-InteractiyevComputer Programrfor the'Analysis of Anodic Stripping Data
' Ray G.;Clem;;éerryvLitton,'and.Layrence DF‘Ornelas:
;pLawrence Berkeley Laboratory
University of California

Berkeley, California 9h720 :

. June 1972.’

ABSTRACT

Reported is a- cell des1gned spec1f1cally for hlgh speed anodlc
fstripping analysis.s Lead,.for example is determlned at the l~ppb level w1th1n
lO min and with-a precision of B% ThlS t1me includes aliquoting, sparging,
amalgam accumulation; scanniné; and cell cleanlng. In operation, the solution
is fdrced‘into:adthinjfilm configuration'l-mm thick‘by rotating the cell, then
sparged with nitrogenvuithin-YS“sec;‘:The cell'is stopped rotating; the solution -
returns to the floor of the cell' and 'the'amalgam-accumulation step is effected
within 7 min:or lessr A high-speed stlrrer of new des1gn is - employed A‘step
and hold voltage ramp 1s used for the stripping scan. The stripping current
“is digltized directly employing the bipolar dlglpotentlogrator and the digital
data are distributed in time in a pulse height analyzer operated in the multl— ,
channel,scaling mode.v The stored data are transferred onto magnetic tape and
are processed with a user interactive computer program which requires a CDC-6600
computer equipped w1th a TV console, a teletype, and light pen accessories.

Two methods of purifylng KCl supportlng electrolytes are offered. _bne
method employs the crystal adsorption phenomenon. The other uses an alumwnum/
'__mercury amalgam exchange 1anhiCh electroinactive aluminum ions are .exchanged

- for trace electroreducible ions.
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INTRODUCTION -

l The entire effort‘deserihed'here.is'direeted first‘to the'determination
of lead and cadmlum, and later to other metals amenable to strlpplng analysis, |
in ocean; bay, and_rlver waters. This effort is but a small part of a large, -
nascent,‘environmental study capablllty belng,developed atvLBL.

We were first attracted;todthe anodic‘stripplné‘technique because_of ‘
its reported high‘sensitivity forvlead-and cadminm eonpled with:the factxthath""”
no sample preparatiaﬁ'orvprior.eoncentration‘was necessarj. Howeyér;ta feriem_l :
of “the literature revealed that much improvement in the current”methodoloér‘vv
would be needed to deereaSthhe time empended per‘analysis.and»thus to‘make'the;v
method attractive for the analeis of larée‘numbers of samples._ Thls report |
presents major 1mprovements 1n cell de51gn to decrease the analys1s tlme, in
electrode selection and pretreatment to 1mprove the stability of electrode, in
instrumentation,.in data process1ng, and,ln_reagent purlflcatlon.. The
'improvements suggested are'based‘on experience gained in making overpl,000v5cans;"

Eeported for the first tlme ls a oell-deslgned:specifically‘for high
:'speed anodic stripping analysis. Lead,ifor example, can be determined at less
than the 1-ppb leVel-within lO mlnnte total analysis-time. This time includes
aliquoting the sample, sparglng the solutlon, accumulatlng the amalgam the |
strlpplng scan, and flnally cell cleanlng Such rapld analy51s is made poss1ble
through the appllcatlon of the hlghly successful technlque prev1ously employed
to sparge the rotated mercury (1) and rotated platlmum cells (2) The
presented cell is g cyllnder whlch_rs elosed atvthe bottom, partlallyﬁopen at
theltoP, and is monnted on a turntable rotated at 1,800 rpm in.tha,apparatus

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

Y
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to vhich a rack'ahd pinion équipped stand is.attached..vMouﬁted on the verti-
cally movéable portion:of this'étand is fhe éiedtrode’assembly Which inclgdes
the,reference,vauxiliary, and.wquing.eieétrodés,'a sfifrer of new design and
a‘second 1,8003rpm moforﬁto drive if, énd.a nitrogénvinlet tubg. This assembiy
can.bé loﬁefed into or raised out of fheucéll at will.

in bperétion, the saﬁple‘(only 15_ml éré requiréd) and a measured aﬁount
of mecuric ion Are.aliQuo£édiinfb the ééll, aﬁd the'éeil is'Sfafted fotating.

Centrifugal force causes the solution to lie in a thin film on the wall of the

cylinder where it is sparged of oxygen within less than 75 sec. Afﬁer sparg;ng,

the cell is stopﬁed fbtating and thebsample sQlution returhs to the.floor of
the cylinder, vAt'this ﬁoint, the stirrer motor is started and the amalgam
aécumulatibn step begins. Although the stirrer is'operatéd at 1;800>rpm, thus
stirring the‘solution Ver&’éffiéiently, no gas bubbles are drawn into the .

. solution. The total ahalysis tiﬁe‘fequifed ié about two thirds that employea
to spargé a C§nVehtional.§eil 6f’0xygen. | | | |

A comparison of the pafaffin'impregnated,'mercury_plated,'graphite

electrode (3) with the glassy carbon (4) and mercury coated nickel electrodes (5).

is made. Reasohs for the selections of the grabhite'eiectrode are givén and .
pretreatment.schedules aré’discussed._ Co;depositioﬁ of'mercury'aﬁd samplé
constituents is recommended. . |

The diéipotentiogrator previouély deécribed (6,7) is employed to control
cell potential. This.devicé is capable of a digitél resolution of 0.5 MHz and a
precision of 0.0l%. The digital étripping signal generafedeith a step and hold
voltage ramp is sﬁored in a pulse‘height analyzer opérated ip the multichannel

scaling mode. The data storage is time synchronized with the stepping of the

-y
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ramp. Thevstofed data are tranSferred”onto magnetic tape for.daté‘proceséing
Qifh a large, user—interéctive, Progrém written for thefcdntrol>Dafa 6600,-:
- Computer.

Two methods for pﬁrifying reagent'gréde»KCl are offeréd;_dne involves.
recrystallization; ﬁhe'other, amalgam exchange df eléctrbduéible impufitieszv

for .aluminum ions. -

EXPERIMENTAL =

Instrumentation? Reagents; and-Matérials. The digita1 in%£rqmeht§ti6n1ﬁséd ﬁas-f~“\
déscribed préﬁioﬁsly (6?7,8);_>Tﬁé usef—iﬁtefactiVe.compuﬁé£.ﬁrogfém”embioyedf3
in proceséingvénd stfipping data requires'a computer in the Contrbl D§taQ660O
class pluéba‘television console with iight_pén and'feletypeiaccessories;;  .

"A11 Watéf used wés purified in the following manner. It was first
singly distilled, paésed thfoughva S;fodt mixed—bed'ionAeXChange column, thén
fed:iﬁté a quartz étiil; The diéﬁiliéﬁé:was:cdlleCted'in;a ﬁeil leached
h;gallon polyethylene carboy fOrIStofaée:pribr to use.

| A Béckman‘#39270 satufated calomél electrode WQS»used as reference.

Satufated;KCl solutions, purified of trace héavy metals as detailed
below, were used asbstock solutions.for supporting electrolyte solutions and,
in 1:1 dilutioné,'for filling the_referencé salt—br?dgé; |

Spectfographic rods 12 inches in length and:l/B inéh in diameter,
obtained from the.Nétional-Cafboﬁ_Company, were used -to prepare the paraffin
" impregnated graphitevelectrédes; Ceresin, avﬁsticky" paraffin, was used for the
impregnatioh. High purity ﬁickel rod and strips éf'glassy‘éarbon.(Beékwith |
Carbon Company) were.also empl§yed in_mékingbelectrodes..?The construction:

details of these electrodes are given below.
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Nitfogen of the éame pufiﬁy_déséfibed préviousl& Kl)_#ésfempIOyed in
this effort;f‘it Qéé.saﬁﬁrated with water pfibr'ﬁé adﬁiffing it‘t§sthé‘cell by
péssing it_thbegh 313—Stagé s;rubber to‘prevéﬂt‘sahple efapofation and to
minimize_céll temperature fluctuations. | |

A”lOO—uE gliquot of_Masero‘Laborgtory's high puriﬁy.mefcﬁry metél was
dissolved in dilute nitric acid: :After_digsoiution_tﬁevspiutidﬁ was evaporated
to inéipient crystallization to drive off excess’acid and thén; aftgr'being cooled,
madé to volume in 100 ml. This stqckvsplution cqntaining l3.h_ﬁg.Hg2+/ml was
used to prépére, by dilﬁtion, the workiﬁg solgﬁioﬁsveﬁpioyedf

 Stock_soluﬁipné éf'other cafioﬁs usgd wgré prepared by dissolving the
réﬁuired reagent gfade matériéls,in appﬁopriéte écidsg after evaporation of |
the excess acid, they were mgdevto volume. Working solufions were prepéred by

dilution.

Purificétion of Potassium. Chloride. 'Potgssiuﬁ chlofide $ﬁpporting electrolyte
and salt—bfidéelfilliné édlﬁtiqﬁé wére ﬁﬁrified‘of fraéérmetalsvaé follows.
Sufficient water_was added ﬁq 1¥kg of reagent graﬁe KC1 cfysﬁéls to dissolve
950g'at,foom.tempera£ure (~ 23°C).  This was'effected'ﬁy~magnetically stirring
the mixture overnight in an HC1 leaghed, new, Pyre#‘beékervcoveréd with. |
Parafilm. The following day, the saturated KC1 solutién was carefully decanted
intova éecoﬁd leached_Beakéf and -the cfystals remaining in the first container

" discarded. Ihe decantatevwaé covered with'a_raiseé wat¢ﬁ-glass, then heated on
aAhotmplate to evapérate the water. When an estimated 20% of the solution
rémained, the crystals énd supernate were tfansferfed'to a'sintered—glgss filter

funnel and the supernaté removed with vacuum filtration, The crystals were

— e
. P



p
L@
e
’%_‘:é
Lo,
L
‘Wi
Lo
iy,
.

~5- N o LBL-6T9-

then washed with small portions of ice-cold water, and trensferred»to'a dry

container for storage.

Preparation.of'the.Electrodes.. The grephite rodsvwere impregneted by immereing
them in molten cere31n contalned in a large test-tube suspended in a b01ling
vwater bath. | A vacuumvwas maintained over the nmelt to promote the rapid-out—
gassing of the graphite. Although the outgassing was generally complete w1th1n -
lS min the vacuum 1mpregnation treatment was continued for one half hour after-j
_the disappearance of gas bubble activity, Such rapid outga581ng1portends;thef;'i’
production of‘good electrodes; ‘Occessionally rods will be obteined nhich giveig,,
upbtheirbadsorbedngaeses only very elowly; One lot continued outga351ng slowly
for 3 days. The poor reproduc1b111ty and high background current characteristics
of these electrodes rendered them useless

After impregnation, the-rods are withdrawn fromvthe melt and, after
being cooled? ere stored in a dust freekconteinervprior to their being fashioned-:
vinto electrOdes.. Theirods are_broken as needed into pieces 10-mm long, finely
threaded, then ecrewed into the Lucite electrode holder desCribed below. An
assembled_electrode is potted by dipping the end of the electrOde containing'
the graphite rod into molten ceresin. After solidification the potted graphite
. rod is rubbed against #200 emery- cloth to bare the end of the electrode This is
followed with rubblng against #600 emery cloth Finally, the resultlng scrobicu—
late surface is polished to mirror smoothness by rubbingjit against Whatman #SMl'
filter paper.’ Other:binder—free'paper Shouldvserve as well. Afterﬂwashing uith

water, the electrode is ready for mounting'in the electrodes assenmbly.
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Strips.df glaééy éarbon l/g iﬁcﬁ widé wéré séwn usiﬁg a'&iamond~wheel, from‘a
diéc'6 inchés in diamé£ef'and i/8 inch thickfv These_strips ?érefcﬁt'to- |
10 mm léngths. ThevfeSulting'b;guetstwere pOlished'oh all sides with diamond
. dust then éemented with epoxy resin into Lﬁéiﬁe elécfrode holdersbsimilar to
the one described below. The'expdéed glassy_cérbon-eﬁd df-an.eleétrode was
washed with water just prior to its use. o ' .v ,
Nickel rod, 1/8 inch in diameter'and lQ_mmvléng, was-finelj threaded
then‘screwed into thé Lucite electréde holder,described below} ~The nickel and
holder was ﬁnitized by dipping infq a Lucite glue. After Eeing d;ied,_the
exposed end of the rod was_polished by rubbing'aéainst #600 emery cloth. The
electrgde was anodized then cathodized as described‘for platiﬁum in a progeeding
paper (1), then;thrust'intp‘mércury_metal. The,nickel;surféce_will be immediately
wetted with mercury."Exéess'mercury is rembyed,vusiﬁg a.péiyethylene spitzer
coﬁnectéd through a filter‘flgék to a vécuuﬁ iine.' If the_electrode lies in

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

Cell and Eleptrode Assembly Construction. The cell is constructed in the

-following manner. The.wall of.the'cell is ﬁachined'to the desired outside
diameter from Lucite rod-stock then center'bored_tO'expose the iﬁteridr; The
inside is machined out leaving a 1lip at thg top T—mmvsmallef'than fhe iﬁéide
diameter; This lip serves as a solution retainer when the.cell is rotated. The
internal cylinder dimentiohs‘ére 39—mm\in diéﬁeter and sh—mm-iﬁ lehéthf After
cleaning the cell in the manner pfeviousiy descfibéa (1), it is attached ﬁith
three screws fo é copper turntable dimensionally identical to the one described

in a previous paper, and mounted in the motor driver apparatus (l);. The cell
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is desiéned to give a film ofvsolnbion ~ 1-mm thick upon rotating‘andibhnsb
requires 15-ml of solution. | = |

The cell.and drivehabparatns'is”kinematiCally posibionedﬂon.a'baséﬁ,
to which a stand is-attached; ‘See Figure 1. The verfically movable portlon‘;aa
of the.stana,seqnipped wibh-a-rack and pinion drlve, serves-as a,sﬁpport for
the electrode‘assembly, stirrer, stirrer.motor, and the nitrogen inlet'tube.
Figure 2 shows the spac1al relations of the various probes with respect to
one another, All glass probes were De51coted to make them hydrophoblc The
electrode assembly ;s S1tuated_concentr1cally wlth‘respect'to the cell so lt
.can‘be‘raised or lowered out_ofior into_thevcell‘at Will.van its raised |

posibion, it permits aliquoting the sample into the cell, in_its lowered

position it serves as a cell cover. The base and stand are constructed from

alumlnum plate and the electrode assembly from Lucite plastlc
A packet of detailed draw1ngs of this equlpment will be sent upon

request1

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

to form a ball 13-mm in diameter. Aftervbeing cooled, four grooves are cut
into»the_ball using-a carbide wheel "at an angle of 30° with the ballvstem.

These grooves must. follow the ‘spherical surface at a constant depth and be

'.symmetrlcal about the equltorlal plane of the ball for a dlstance of h5°

the surface A groove depth of 2—mm‘w1ll sufflce After cutting the_cane to
the required length, the stlrrergls flre—polished to eliminate the Jagged_edges

of the grooves. After Desicoting, it is ready for use. Again see Figure 2.
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In operation, the direction of.the_Stirrer-rotation must be such that the

solution is. forced downward.

Recommendeéd Procedure. When the graphite electrode is securely mounted in the

electrode assembly for the first tlme, POllSh it with several strlps of
Whatman #Shl fllter paper by pulllng the: paper back and forth- across the
exposed graphlte surface Use heavy pressure. Thls operatlon rounds off the
sharp edge of the'tlp. Follow th1s w1th a llght pollshlng us1ng a soft tissue
paper. It'isvnow:ready for use.c |

Allquot 1-ml of a mercury solutlon‘contalnlng 27 ‘pug/ml into the cell.
Allquot 15 ml of the water sample then, if the sample is of. fresh water 250-ul
of saturated KCl. Rack the‘electrode assembly down into the cell. Switch the
cell motor on. Sparge the tuin seiution film with'uitrcgeuvat a flow rate of
3L/min or more. After 75—seC, turn the celi mdtor cff and let it coast(to‘a
stop. The sclutien should drain cleerly'from-the wall‘cf the cjlinder. If it
aoes not;'the:celivﬁust be cieaned:again as described above.’vSwitch the ball
stirrer on. Impcse'a potential of —l.OOO v vs. SCE on the cell andtaccumulate
the amalgam for 7 ﬁinutes. Stop the stlrrer 5—sec before. the initiation of
the scan. Scan from -1.000 V to +0. 350 V in steps of 7 5 mV whlle 51multaneously
storing the digltal data in the analyzer;_ If the sample characteristics are
unknown, use a time dwell‘ofvl—Sec pervchaunel end Qbserve thevcurrent-time
decay pattern-for each potential steé onuthe'OSCilloscope.; It will do no
harm to reduce the time dweil empicyed in the seccnd scsn 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,thee



9 o  LBL-679

electrode essembly uﬁ clear'of'the ¢é11{ Wash the pfobes ﬁlth:ﬁeter. Buff
the electrode llghtly w1th a tlssue paper. 'Suck fhe spent”sample solﬁtion
out of the cell employlng a plastic spitzer connected through a fllter flask
_to a vacuum line. Wash the cell out tw1ce w1th water then allquot flrst the
mercur& and next e second portlon of the sample as descrlbed above. Add a
suff1c1ent quantlty of the elements of 1nterest to double the peak helghts in
an aliqgot'of»esoeul or less. Proceed with this spiked" sample as was Just
described above sfaiting with-thevsperginé etep. | |
| ‘At the_concluslon of the second scan) the electrode is polished with
a strip of filter ?aper employiog:sufficient preSSure to_make‘a faint black
mark on ﬁhe'paper'followed by.a‘light'buffing‘ﬁith tissue paper. . The electrode
is now ready for the next analyeis,d | | |

The calculations of the fesults are effected io'#his laboratory with a
'_large computer.ip the-manner outlined belowf _Since.this aveomewhat esoﬁeric
weyvof treating the date, itoshoﬁld sufflce to sey thaﬁ eny legl#iﬁate
numerical or grephical means.may be used to arrife at the analYtical funetion
of choice -- i.e., peak height or‘eree.—— used fof the calcﬁlationé of the
results. | | | |

If if is desi?able to make more-then one standard edditlon ln determin-

ing the sample concentration buff only with tissue paper between additions.

RESULTS AND DISCUSSION
The inherent high sensitivity of the anodic stripping method is well
known; it has, in fact, been called "one of the most powerful electrochemical

approaches to trace analysis" (9). Despite this acéolade, the method as it now



S10- . 1BL-6T9

exists sofféfs from oﬁé of;more of_thé shortoomings listediiﬁithe~introduotion.
Our solutions to these difficﬁlﬁieo aro_detqiled beloﬁ.“ |
The most time’coﬁsuming'step:iﬁ ﬁHovooﬁthfionalvaﬁodic'sfripping

method is the 15 of:moreuminﬁfes‘requiréa £¢ sparge'a_con§éﬁtional cell of
oxygen. in contrast, the presented methodology requires less‘than T5 sec owing
to the inoorporation of the‘ﬂighly sﬁcceosfﬁl ﬁechniqge devoloped and reported
previously (1,2). In practioe, the cell is rofated at 1,800 rpm, the sample
solution is forced into a thin film lying ohbthé wall of the cylindef; énd, the
oample is spafged with oithgen.at'a’ﬁinimum.rate of 3L/min. ,Scéns of the
supporting elecﬁrolyté, emﬁloyihg 8 Hanging hercury_drop'electrode and taken
after 15 sec intervals of sparginé indicateo slightly more than 60-oec,are
required to free the céll of oxyéen. These résulté afe comparablé'with‘those
obtainedbpreviously in fhe'rotatéd coulométry'Ceiié. VA large sﬁrféce aresa to
solution volumé ratio‘%o very conducive to high SPafging rates.v |

" The manner'of.stirrihg'is ohe of the most important considerations in
_ the deéign of ahaéfficient:cell out'seeﬁinglf one of the least woll studied. Poor
stirrer desién is reflected in ‘the needless expandature of time to éccgmulate
the strippiog amalgam; Sensitiﬁity is'usuolly'oomproﬁiséd.. Scores of examples
exist in which the workers uSedvnoﬁhing.more'imaginatiQe than a magnetio
stifring bar. When emplojing o paddle or magnetic baf stirref, efficient
stirring becomes progresoiﬁely more difficult as the.sample'volumé stirred
becomes even smaller. At high rates of stirrer rooatioo, a vortex forms and
frothing of the solution evehﬁually follows. Vortex formation and frothiog are
detrimental in stripping studies because they can interrupt or insulaﬁe one o£

more of the electrical cell leads fesulting in a loss of cell potential control.
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Frothing is'especially trouhlesome because one or more small bubbles. can
" attach themselves undetected to the working electrode during the amalgam |
| accumulation step thus partlally shieldlng it from the solutlon. Unexplainably
low results are then obtained.. ‘In contrast ‘the presented stirrer w1ll not
drav.bubbleslinto the sanple provided ‘the solution level covers the ball.
The efficiency‘of,the ball stirrer cannot'be compared directly to
the commonly‘used paddle or magnetic bar 'variety_owing-to the aforeméntioned
difficultiesg however;'it has:been used in pool type; controlled;potential;-
‘mercury.coulometry cells Vith an'efficiency some~10 to 20% greater than that
obtainable with a rotatedidisc stirrer having the same diameter_as the ball.
The disc stirrer will not frothvthe.solution stirred.hence the comparison..
A1l working electrodes discussed below are 51tuated parallel to the
floor of the cell and, at the same time, in the strong downward flow of the
stirred solution. This orientatlon prevents the attachment of any adventitious'
bubbles to thevele'ctrode‘sturfa‘ce and permits the _1__n situ co-deposit_ion.of“ the
mercury.and sample Without'the collection of hydrogen bubhles initially formed
at - the electrode because of initially poor hydrogen over voltage characterlstic._
Tec form a basis for understanding the selection of the electrode type
vreconnended, it is necessary to explore some of the principles underlying the-
" stripping method. | | |
| " The anodic strlpping technique can be v1ewed as a very efficient
electrochemical extraction in whlch the electroreduc1ble substance is flrst
'concentrated in the mercury phase-to allevel much greater thanYit exists in

solution. To optimize the ratio of the stripping signal to background‘current,
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it is desirable, fhéféfore, to keep the‘ratio-bf the mefcury volume fo'
solution volume small. .On.fhe.othef hénd, viewiﬁg‘the stfipping ﬁéchnique as
a coulometric proceés, ﬁhevtime rate of écéumﬁlation:Qf the,amalgém (time
efficiency of éxfractidn at & constant éfifring.efficiency) improves as the
eleétrodé ares tOSSOlution volﬁmé'rétio bécomés iargé. _Thé mercury volume
employed, hdwevér,‘is necessarily lafgé.. These tﬁo’ﬁnderiyihg princifles are,
ffqm a‘pféctical standpdint, iniiicéi; thus; any proposed stripping electrode

r

represents.é comprise bétween‘SOﬁevaéceptébie‘ievél of Sensifivitykand the time
one is ﬁillihg;to spend aécumulétihg'the.amalgaﬁ. | |

One of the first electrodes used vas & hanging mercﬁfy drop (10,11).
-This electrode was not entirely satiéfactory for analytical work bécause the
rather large mefcury volume,emplbyed reéulted‘in broldnged amalgam accumulafionv
_times,'necéSSitating'thé use of léfge sample volumes. Scan rates which were
consistent with gdodxsenéitivity gave poor're36lﬁtion. To‘feduce thé'mercufy

volume employed and_thﬁs-to‘circumvent7the aférémentidned difficultieé,vseveral

thin mercury film—type_electrodés”were 6ffered (5,12;13,lh); These electrodes

diffefed only in the metal substrates used. As expected, the difficulties.éited
for the hangiﬁgﬁmefcury dfopfelectrbde were ame;ioréted,'however, the amalgmm.f
éppeared to ailoy with the metal substrates of thesevfiim electfodes (12).
Some investigators found poor reprodﬁcibility (12). |

In an aftempt to éyeréomé the.problems asSociafed with the substrates,.
MatsonIandvco-workers'deVelopedba mercury plated, paraffin impregnated, graphite
electrode (3). Thié,.invour opinion, is probably‘the best electrode ever
developed for stripping anaiysis;_howeVer; we differ with them.oﬁ séveral
experimental points. The previousvworkérs fecomﬁended ﬁsing a "good grade of

paraffin".
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“Paraffin denotes'a_largeigroup'of h&drbcarbons Which‘differ in
melting.ranges and Physical characterishics.‘ Paraffin,acceptable_for
elecrrodevimpregnation will not crystalize on being'cooling andeill'
tenaceously.cling to a giaSs rod after'solidification. .If:it fails to neet these
tesfs, itvﬁill.be unsafiSfactorj.' Tt will‘haveca ﬁooriadherencebqualiﬁy'and
crack and separate from'thevsubstratevupon solidification;_ Ceresin has these
favorable characteristics and is thus'recommended. |

If the electrode surface is left unpollshed as suggested by our )
'predecessors, the strlpplng peak heights obtained on the same solutlon w1ll
1nit1aliy decrease for several successive owlng to the sloughlng off of the.
rough surface.grains eventually reSulting in a:smooth surface. The graphite thus
appears'to elecfropoliSh just as_does‘metals.on pofential cycling; The progress
_of this_electrode'area'reduction haslbeen observed upon microscopic examinations
made between'runs. A final polishing stepvaéainst a binderifree'paper renders
the electrode.immediately useful; | R

The previous workers indicated that'an electrode‘once'plated with
mercury at -200 mV vs SCE was reuseable 1ndef1n1tely prov1ded the plate was not:’
stripped off. It was our experlence that an electrode prepared in this way
gradually losf sens1tiv1ty on each succeeding scan of the same solution as_
measured.by a’ decrease in lead neak height. Also, the background current
.increasedlon succeeding scans. Co—depos1tion of the mercury and sample
circumvents these problens. | |

At e flred amalgam accumulation time, the peak height of an 1nd1cator
~ion, such as 1ead should 1ncrease w1th 1ncrea31ng mercury concentratlons uptil.

all the electroactive sites on the electrode are covered with mercury.
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This was confirmed.' When the meréufy Conceﬂtration was inéréaéed’frdm”O.S to 9 ppm
in a series of‘studiés in 0.067M KC1l, the léad péak inéfeaéed ﬁp to a mercury.
concentratlon of 4 ppm, but the reproducibility deterlorated from 5% at the
1-2 ppm level to 20-307 at the 9 ppm level
Prev1ous 1nvest1gators suggested that poor reprodﬁc1b111ty obtained in
chronopotentiometric studies was due to the ragged penetratlon of solution 1nto
the graphite electrode Qith time aﬁd récomméﬁded treating tﬁe sﬁfface withva
wetting agent prior to uée (15). In the present applicatidh, since'the
electrode was polished to restore its initial condition after each scan, it
seems mdre iikely that ragged peﬁetration of thé plaﬁed mercury into’the'
electrode was ocecurring. The sample solutibﬁ does appear to wét thé electrode
on long standing. The contacf angle.the sblUtién makes with the.eléctrode is
considerably reduced éfier the electréde has beeﬁ immersed for some timé.
Polishing of buffingbfhé'electrode beﬁween écans mainﬁéins a ‘high conta¢t angle.
Beads of mercﬁry'metal,'reported ﬁfevibusly (3);‘Were'not.visible on
the electrode surface even under a ﬁagnificatioﬁ of 230X; Mercury was,‘néver—
‘theless; ﬁfeéeﬁt on the elécfrodé beéausé a mergﬁfy peak was obtéined when
ﬁhe electrode was'réturned to the cell and stripped.. From the.foregoing étudies,
it is recommended that only sufficient mercury be added to. make the solution 
analyzed 1- t6‘2—ppm 6n final dilution. Also, the.scan should bé terminated ‘at
é potential suffiéiently pbsitife tovassufe the stripping‘of the piated méfcury.
In view of the penetration Qf solution iﬁto the élécfrode, it iS'further
suggested that the electrode assembly be racked out of the cell and the glecfrode
washed, dried and polished immediaﬁely after each scan or at day'svend. The
electrode must never be treated with a wetting agent, for the electrode is thep

' endowed with a chemical memory. This is very undesirable for stripping work.
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To compléte tﬁe étﬁdy; it is hecesSary td'report some aftifactS’§bsefved’
using the graphite aﬁd giassy déﬁﬁbn eleétrodes ﬁhd alsd to compare these
electrodes with thé meréury-niékgiisubstréte eléctroaé;

Anodic stfippiﬁg has ﬁeen uséd pefiddically for some three years prior
to the sﬁstained éffort repOrted here for the trace analjsis éf reagéﬁt gradei
chemicals and:Soluﬁiéns of_fhe trégsurgnium elgments for'iead. During this o
time, electrodes wéré fashionéd:frém several lots of graphite rods. kln additign
to the variéﬁle impregnability’of tﬁé rods with ¢¢fesih notéd ébove,;some of the
electrodes exhibited & cathodic going indentstion at 0.2 V vs. SCE provided
they were\ndt‘feéﬁrfaéed fétween each scan ésvsﬁggestéd'in-thé re¢omménded  '.
procedure. This iﬁdentatidﬁ'appeared.aftef'ﬁhe electrode was used someulo fo
20 timés.' Prior to the appearanéé of this anomality, a steédy?increase in the .
signals7§f the sampié gonétituénts‘Wasvobser#ed for the.éraphite eleétrode“justv
‘as Qas deséribed”pfe§iéﬁsly fof the glassy'Carboﬁ electrode. See Tablé IIP
‘Reference 4. At the fifsf apﬁearaﬁce of thetanémality, é decreasé in sample
sensitivity wésvnétéd. .See Figﬁre'3;

A new electréde»féshioned from‘a loﬁ having a'prOPehsity for this
behavior could similarly e indﬁced to exhibit fhe cathodic_indentation if it
were anodized at.+l.0 V'Iif SCE_pribr to its use. The cathodié indentation
increased in depth and Width with increasing;anédization tiﬁe. Any.béaksrﬁhich

.might otherwise have appeared within the iﬁdénﬁation_region were obliteratedi
aﬁd-peaks located at moré'negafive poténtials than_theviﬁdégtétion were mu¢h
.reduced in height. Thé.nature of ﬁhié:indeﬁtation'was’ndt known. Normai: 
behavior could be restored 5y simply fefsurfacing tﬁe elecﬁfode.»
| Thé_glaésy carbon eléctrode.(ﬁ)_was‘Similériy investigaﬁed} The haze.

or r'ilm, presumed to be mercury by the preVious:worker,-formed on the glassy
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_electrode used in-thisIStudy hpbn pétential éydling. Tﬁe'film ﬁés easily
removed by wiping the eiéétrode wifh tissue paper. 'Subjegting'thisreiectrode
to a potentiél:of'+l.O_V vs. SCEHfor 15 miﬁ, hbwé&er, resﬁited'in a ﬁeavy'

- coating which, whiie to the éye appearédvtovﬁe femOVed 0n Wiping;vwas still
electrochemically present,; Man& épuripﬁéipéaké aﬁd indentaﬁiop#’were observed

when thisjoxidized electrode was sUbseqﬁénfly used f§£ stripping analysis. The
électrode.could be returned to’ifé ﬁorméi'behavidr 6nly by.extensive’fe—polishing
of'thé éurfage”wiﬁh diémohd dust. Whethéf this'behavior is ﬁniversal_is nét

known.v Glassyfcarbqnifrom oﬁly‘a.siﬁgle éoﬁrce ﬁas'available for'thié work.

There aﬁpears,-however, to be ﬁo baéis for selectiné giaSsy carbon over graéhite
for electrdde.matefial. Glassy carbon-ié very expensive.‘

A comparisoq éf the'graphité electrbéé'with fhe mercﬁry-nickel substrate
electrode gave fﬁrther.e#idénce thaﬂveleétforéduction of the mercury and saﬁple
constituents was occurring inside fhé gféphite electrode. See Figure 4. The
final current rise which sighals ﬁhe‘stripping of the‘méréury'film on the nickel
substrate begiﬂs at‘“‘—d.Q'V g§: SCE iﬁvthé:chloride solution empioyéd. The
stripping of mercﬁry frém'the graphitevéiectrode.does ﬁot begih until
> 0.0 Vwvs. SCE. If the'mercury were pléted onto the graphite éurface in more
than a mono-layer, the stripping'béhaviqr shéuldAbe the same as for the nickel
substrate electrode. The fact that the findl'cﬁrrenﬁ rise is delayed some 200
to 300 mV fu}ther sﬁggests that the'mercury'reéides'inside.the electrode and

"see'" the

possibly behind or inside of a membrane since it does not appear to
high chloride conceﬁtration which existsvin the buik of the solution.

Another impbrtant difference exists. Zinc is readily determined with

the mercury-nickel electrode but not with the graphite‘electrode. The latter
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eleeprode is’insensitive to zinc’at71evels as high:as 200 ppb in a KC1 supporting
electrolyte.nzlhis.lack of.sensltiVify'has been hoted by two previous |
workers (h,ll). lf, as ﬁiéht’be‘inferred from.the‘eVidence given, the graphite
electrode functiohs as an ion;seleefire'membrahe‘to the'exclﬁsion of zinc ions,
and if these propertles could be altered at will, other 1mportantvuses for the
graphlte electrode w0uld follow 1mmediately A search for these surface
functional groupsvwill be made with ESCA.

'Just'as was found_hy Florence_(h); the peak heights obtained on the first
pscan of'theasame solution.are someﬁhap lower thah thevpeak heights‘observed
on socceSSiVe scans. He prefers to employ'the_saﬁe'sample,aliQhot for recording
ptheisample response'and the saﬁple plﬁs.sfandardiadditioh response. This |
preference is. probably based upon the lO to 15 min sparging tlme requlred for
his cell ‘ He thus employs a pre-analysis amalgam accumulatlon—strlpplng cycle
prior to the actual analy51s to "condition the_electrode . It appears that
this conditioning-iS'more_related to-the.adjustmenflof the oxidafion.states of
the mercury 'ions'than'ﬁo ﬁhevconditiohihg of the elecﬁrode. If'the,sample '
solution is f1rst shaken w1th mercury‘metal prlor to runnlng, the condltlonlng
'step will be unnecessary Implementatlon of thls flndlng will speed up the
analyses for those who do not have the rgpid sparglng capablllty afforded by
the rotated cell. The foreg01hg ls the reason the taking of a new sample for.
each scan is'suggested'ihvthe recommended prooedure. o

A simple dcuvolpage'ramphis'generally selected to:effect amalgam
stripping.- It‘ls well known that_stripping peak height? hence sensitivity,
is related either'directly (5) to the scan rate &heﬁ_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 (16;17).‘ The former eiectrode'ié preférablexfdr analjtical work
since the baékgrouhd pafential cha}gi#g cdmponent.is'approximﬁtely.linear over
thevpoténtiél range used in sfripping analyéis. Conﬁentionél_méthodblogy,
therefore, requires that réthef faétfétrippingbscans be employed t§ increase
the method sehsiti&ifj. Uhfofﬁgﬁately, loss of fesqlution for adjacent peaks
occurs aﬁ very ﬁigh scan rates owing to tailing because thé elecﬁrode never
reaches'equilibrium (1imited reveféibilityj until the end of the scan. Potentiél
location of the current peak éan-aléo ﬁe shifted to more anbd;¢vpotentials at
high séan rdtes.‘ Peak tailing complicates the interpretation of the | back;
ground curreht making‘the'ﬁeasurement of thé péak heights ﬁncertain.

Thezpresénted approach émploys a potential‘step and hold famp, thué
aildwing-the siripping scén.fo be,freated aé a collectién of'discrete-cbulometric,
events. The poteﬁtial step heighﬁvselected.is generaliy a_cpmpromise between
sensitivity and résolﬁtion. The grééter'thévpotential iﬁcrement; the greater .
will be'the sensitivity;vhoﬁevef;.tﬁé.résolution will be,diminished. The hold
time selected is £hat which permifs the lafgest faradaicband capacitive current
spikes encountered in the scan to exponentially decay to fhe background level.
See Figure 5. The decay times'énCOuntered are short since the thin fiim electrodes
are preferred fér this work. |

In praétice, a hold ﬁeriod of from 0.2 to 0.8 sec.is employed'for each -
T.5 mV potential.step. The exact time interval‘selectedidepends upon such
facto;s as the water salinity, hence cqnducfivity,‘and upon_the concentration .
level of the most céncentrated element determined, mercury éxcluded. Allowing.

sufficient time to pass after each potential step assures the virtual attainment

of equilibrium at the electrode thus considersbly simplifying'the programming
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task of extrapoléting the background'beneath thé peak. Furthermore, the highest
resolﬁtién for'theﬁthenfiéi inéremént”seiected isbattained undgr these conditions
and the‘beak‘lbcarion does»ﬂot“sﬁift._ |

Considerihg the'foreéoing; it“ﬁight be argued that there is no differeﬁce
" in thé.résulfé obtained ﬁsing.é de ramp'oﬁer ﬁhose'obtained using a step and
hold ramp provided both rambs scén the éame'potentiai interVal_in the same time
intervél.. An eqﬁal degrée_of rgvérsibility would be obtainedr This is true. If,
hbwever, é %imé fwice_as igng és that'necéssary for refersibility were employed,
the peak:héighfs obtaiﬁed Vith é‘stép”aﬁa ﬁold ramp'woﬁld remain the same
because the'séme potential’step heighf'is refaiped ﬁhereas thérresults,‘as
;easured by the.péak héigﬂts for the de réﬁp woﬁid'be lowered by é factor of
two. ‘This differehce.is ﬁdt trivial. The prééénied’approach permits the
operator to makeva decisiéh ég to hOw long 8 ﬁime dwell interval is needéd by
observiﬁg the current deéay‘after'egéhvpéreﬁtial step on thé 6séilloécope display.
. Employing a dc ramp, the operafor mﬁst Aecide upon the proper scanvvelpcity
throughvtriai énd error;

:Thé.stripping peaﬁs iﬁ'a sinélé sample can vary by a factor of lOb‘or
more in heighﬁ. Analoé signal reéording would reéuire separate scéns for each
pegk varying by a-factbr of ten or leés; Fﬁrfherm§re;’unl¢§s thé peak sought
is near the open circuit potential of the ééii_(w;E. vs. SCE), the recorder
offset must be carefully-adjusted,j'Once the_étripping signal is récorded in
analoé fashion; no further déﬁarprOCESSing.ié poséible. The measurement.of the
kpeak height'is.subjective_because.the extrapdlated background cﬁrrentrbeneéth
the peak is almost never a éiﬁpie.Iiﬁear function.

The high digital'resolufibn,and the 0.0l%.precision, wﬁiéh the system -

empioyed is capable, coupled with the digital storage Of:the stripping signal,
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obv1ates the need for rerunnlng samples contalning elements differing by factors
of ten in peak height. Any portlon of the stored sweep can be expanded to full
scale after the fact for vigual 1nspectlon us1ng the analyzer display system.
See Figure 6. And, since the stored data can be transferred onto magnetic
. tape, further dats processing uitn a computer is[possible.

TVFIT,'the program developed'to_deal witn.anodic stripping'spectra, is
a user interactive_package of ?bﬁtineSthi¢h may.be operated in eithervof the
two LBLvControl Data 6600'c0mputers.. The_tasicvoperations performed include
background current fitting under single or convoluted double peaks, generation.
of calibration curveslfrom,a series of standardrspectra the determination of
the concentrationvof anvunknown sample from prev1ously generated calibration'.
curves, 'and the deconvolutlon of" overlapplng peaks At present the program
can treat 256—channel spectra containing 51ngle or double peaks. It could
easily be expanded to meet other requlrements in the anodic stripping program
of study or modified to treat‘peakrspectral data.generated uith otner kinds of
instruments which:will be_introduced.into the ecologylprogram; Figure 7 is a
schematic of.the-overall job flow and Figure 8 is avflowrdiagram ofvthe program.

-To initiate a computer run, a 7—track magnetic tape contalning the
day's recorded spectra is submltted to the computer center. Alternatlvely,
previously run data, stored in tne CHIPSTORE llbrary, can be copied ontoaa disc
file for processingi A deck,(consisting of only a few cards required to control‘
the job, is read into a cardvreader attached to theVCDcL6h11 computer. These
card images are retained on an associated.disc, until being transferred'to a
discrattached to one of the 6600 computers . When the job is executed5 the 6600

is instructed to fetch the main program and its associated subroutines from the
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Idata.cell'librarr. AThisbprogram,.whlch'amOunts:to several thousand card images,
is loaded into'core,_preprocessed;forfany changes,vandpis:then executed.
When‘execution beings, the_proéram is in the calibratlon mode. The
program requests.a‘startlngISpectrum'numberviia_a light—pen:message’displayed
on the>TV»screen-of.the VISTA console. The operator responds by teletyping in
the requestedeinformation. Upon flndlng the requested spectrum, it is loaded
into core and is displayed in 1ts entirelty on the TV_screen. The user 1ndicates,
by means of a light pen; the boundary markers before and_after the peak or peak
'set;' These markers_designate the'points at whichvhe wishes the.background'fit:
to begin and-end. Onlyithe portion‘of.the spectrum indicated byvthese markers
is displayedvfull scale on the console SCreen. If two overlapping peaks are
to be treated; the user must;vin7addition toiselecting the boundary‘markers,
indicate the peak channelfnumbers, again using.the light pen. To satisfy the
next program request the name of the element represented by the peak entered
via teletype | |
For a 51ngle peak the program calculates then dlsplays the least- squares
fit of the extrapolated background beneath the peak u31ng the previously
de51gnated boundary markers plus three additional channels to the right or left
of the right or left marker,.resPectlyely. Three additional channels are all
that are deemed hecessary for>the calculation of* the background in view of ‘the
virtually noise;free Spectravobtained:using the digipotentiogrator. See Figure
9. The program is allowed.to fit up to a th1rd order polynomlal 1f dfor example,
an inflection point is requlred for the best flt - Although the same boundary
markers are retalned for each'succeedlng.spectrum in.the'callbratlon series, the'
polynomial order is free to vary vith changing background conditions‘to produce_

the best least-squares minimization fit.
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Thé-huméfiéélly intégfaﬁed'peék‘area is heid in mehory.after eaéh fit.
Upon indicatiﬁg:the terﬁinétibn'of aVcaiib¥atibhfseries.witﬁ a light-pen messagé,
the progranm £hen‘féQueéts a concentrétion'valﬁe for each épéctrum procesgsed.
After supplying this infér@ation'iig_teietype,bfhe_progr&m calculates, by
.least—squafés, the.eqﬁatién for the linear calibfation cﬁrvé and diéplays this
along with the plot of the equation on fhe TV;consble; The_equation.intefcépt
is the biank concentratioﬁ. 'Forveach sucgeeding spectrum”c;;led'uﬁ; the programl
will now.report the'peak areé and the concentration as meaéufed agaihst the
previously calculated calibration cﬁfvé. 'Initiation of a new calibration run
déstroys the old calibration_curve. |

In principle, the ménne} 6f treatihg fwo:dverlépping beaks is éimilar
to that used for single peaks. A'cgiibration series is made, uSing a”sétzof
sﬁandards,.fbllqﬁéd by a non-calibration series, in which the results of the
calibrationvruﬁ are employéd'té determiﬂeksaﬁéle Cohdentrations. Iﬁ practice,
however,_there'are.sevefal'complicationé, ‘Since it is néceésaryvto obtéin‘theA
area under each peak as though it wefé by itséif;'é best fit is méde to the pair
using a sum of two gaussian functions. Once this is done, the.background is
subtractea and‘each peak'aréa calqulatea by numerica;lyviniegrating its gaussian.
See Figure lO.' From thié point oh, the bfbgram_simulténeously carries on double
calibration runs. Once.the.célibration curveé are established, the program fits
gaussians to each sample spectrum, énd.the two.éonéentrations are éalculated
from the two‘calibratioﬁ curves. |

From the foregoing expoéition, néte'that, first, the program is subJective
only to the extent that thé user is permitted to select bdundary markers and to

indicate whether the fit is to be made to one or to two péaks. The background
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fitting and peak area.integration-procesSes are Wholly objective. ‘This is an
important consideration ifiunSkilled helpvis enlisted.. Second, very little
user. #raining is_reQuired-to execute thevprqgram,uand third,ythe spectrum can
be processedyat a rate exceeding 3 OOO-per hourxwith a visual check 'In fact ),
the date proce351ng could be fully automated by by- pass1ng the VISTA routines
1f experlence proves that day-to day samples from the same source do not vary
appreciably with respect to background or peak channel.considerations.

| Peak area‘rather'than peak'height is.selected as the'analytical’function
-of ch01ce because it is useful for processingvstrlpping data from solid |
electrodes (18 19) as well as from the amalgam electrodes used in ‘this work.

' The reproducibility attainable with the graphite electrode is limited
more by the.sugéested polishing'schedules employed.than by the instrumentation
used. 'If, for example, the'electrode is polished with the filter paper between
each:scan, a'relatiye standard:deviation of lS% is'obtained using the recommended
standard addition method. This deviation is found for lead at both the 1- and
ld-ppb.levels.i If, on the other hand, the electrode is polished with filter
paper, then buffed with tissue paper'prior to the-first scan ~then with tissue
paper alone prior to the second scan, the relative standard deviation is only
5% at the l—_and lO-ppb lead:levels,' If the. graphite electrode did not suffer
from the drawbacks discussed above and were thus perfectly stable, a prec151on
of 1% or. better would be - attalnable at the l—ppb level of lead employing a T min
amalgam accumulation time. Similar results are found for cadmlum.v‘

The standard'addition technique is recommendeduin the analysis of natural‘ _
watersv The 1ntroduction of complex1ng agents from human or 1ndustrial sources

can affect the stripping peak heights and potential locations Just. as. they can



el LBL6T9

affect boléiographic wave héighfé énd half-wave pétential-locations. For. this
reason, development of sﬁéndard calibfation gurvés in'thé'laﬁorafbry employihé .
reageﬁt.graaé-chemicalé fdr ﬁse onhsamples dﬁtained in the figld“éhould'be |
discouraged.: | |

Aithdugh a pfogram’éxists to‘décbﬁvolﬁte Qverlépping peaké,:a éiﬁuation
has hever_beeh.énéouﬁterea'in natural waters which requiréd'ité_use, The
precision:obfainéble'fof peék‘pairsvdépendé upon the degree of over-lap, the
relative peak heigﬁts, and updn'ﬁhé complekityréf thg background fit. The
calculation of the standard deviation fofieach peak is.cbmplex and is treated
in sfandard fexts on statisfiés7 | B |

One'of fhe’ﬁ65£ difficult problemé.aéédciated With étfippihg anélysis
and oné»which genefaliy has no simple or uniqﬁe solution is the pufification
of the reageht'grédevéheﬁicals eﬁployed.aé supporting electfolytes. This,
problem of pufity and not the inherent sengitivity 6f the method is.ﬁhe
limitihg'factoriiﬁ the effiéaqy éf thé_procédure! Sevéral soluti6nsvtovthe
problem Hé&é.béén'pfdpéééd; ﬁbné df;Whiéhvié entirely éat%sfaétor&. ion-
exhahge is poorly éffécti?é because tﬁe majqr,catibns or anions in a éupporting
eiectrolyte solution have.some ekchange éffinity and thus greatly reduce the
resin affinity fér the offending'ioné ﬁhich are typically'preéént at‘fhe parts
per billioh ievel (20). Controlled potentiai couldmetry,;whilé effective, is
slow and requireé batch-wise treatment:éf raﬁher small portions of solution (21). .
Solvent extfaction cén beFuSedAto advanﬁage, but since the exfractanﬁ is usﬁally
a strong complexing agent employed in excess, oﬁe faces the prqblem of coﬁpletely
removing it after the extraction.' Negative blanks owing.to the masking of the
element determined are more troublésome than-the,pqsiti#e ones encountered

before the extraction.
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Thévpurificaﬁioh prOCedﬁre:recommended for KC1 is an adaptatioﬁ of a
crystal adsortion phenomeﬁoﬁuébsér?e@'ﬁény years:ag5 by_wérkers'employing |
fadio—tracérs'pfoduced from the décay‘of»radium source§_(22,é3). A general
conclusion of theSe Vo?kéfs;'gébstafed by SAndell (2&);_is ﬁhat if the trace
component is énbation; the.édtién 6f thé prédominate crystal phase should have
an ionic rédius near that df thé f6rmer; Thus , eééentialiy;.all:the lead, |
cadmium, and tha;lium‘impﬁritiesbafé adsorbea'onto‘the surface of thevexcess
KC1 crystalé.' The method is‘mugh more’effeEtiVe, if the diésolution is carried
out at room temperature. .fnitial dissolution;gf'fhe crjétals with heating
félloﬁed by proldnged cooling to permit the graduai foimation of crystals seems
less effectivé in removing the tfaée heavy eleménts; althoﬁgh the same degree
of éeparaﬁion'should-be apprégched in'fime;v Tﬁé-optimumvexcess crystalline KC1
is 5710%'Qf‘thejtotal KCl used (2&), hOWeQer, a much wider range can be
. tolerated. See Table I. Electrdactive éubsfancés such as copper and zinc are
held in the sdlvept phase. This is the reason for the evaporation of the
saturated KC1 solution to a small volume followed by vacuum filtration in the:
recbmmended'proéeduré; Théifilﬁratiohlstep reﬁoves much of the copper and zine.
The recovered crystals are purer by é factqr of.20-to 30 than the starting
material and no.foreign sﬁbstances have 5een introduced.

.Other possible'supporting electfoiyte sgits: ‘Kzsoh,.NHLNOB,'and KNO3

were found to contain 257,vlhh,,and 280 ppb lead on & solute basis, respectivéiy.

No_purificatibﬁ proceduresiwere_developed for thesé salts but,‘és-was illustrgted

with KCl, one mgst hot asshme that récrygtalliiation necéssarily gives a.purer

product. | |
Amaléam eichange of‘tracé eiéctrpéctive ions: for électrdinac&i?e

aluminum ions is another method briefly.investigated for purification of neutral
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or slighﬁiy basic supporting'elec%roiyte sélutions. A saturéted aluminum/mercury
amalgam develpps a potential of -1.535 V 1§¥'SCE in é safurated KCl medium at
23°C. Shaking such an amalgam ﬁitﬁ a portion of an uﬁpurified; hitroéén sparged,
supporting électroiyté,solﬁtion adjus%éyfhe oiiaation state of all redox couples
to -1.535 V in a short tiﬁe since the“amalgam breaks up into mvriad droplets

on being shaken. The solution volume to_amalgam-(electrode),surface area is
thereforervefy favorable when viewed as a céntrolled—potential,coulomeﬁric
process. - The removal of alﬁminum hydroxide formed,vowing to fhe slow reaction:
of the amalgam with ﬁater, preéenfs.some:pfqbléms. Centrifugation seems to be
the simplest means of removing the peréipipate. .Al£hough_this method is caéablé
of producing solutions containing < 1 ppb lead, 1t is a batch-wise process
relegated to the treétﬁent of small -solution volumes Which.require further
'manipulationrto rémove thebexcessialuminum. For these reasons, it.is unattractive

as a general procedure, but available if needed.

FUTURE WORK

Isotopic diluti@ﬁ‘massvspeétroscopyvhas long domiﬁéted,the.field of tfaée
analysis at the ﬁarts‘per'trillion ievéls._ When one conéide?s the l-liter and
more sample volumes spectroscopsist offen-employ, there is_no practical reason
why anodic stripping could not be made competitivé,vprovided if too could be
ﬁodified to deél‘with larée sampie volﬁmes. It seems relétively_simple to devise
a flbw—cell which wéuldvbermit the aﬁtainment.qf sqchv1ow.copcentration levels.
Such a cell will be_repérted in ﬁhe_future. vIt is anticipated thaﬁ a samﬁle .'
through put many_times greater than thevl to 3 analyses per day now attainable

with mass spectroscopy could be achieved.
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Work'is nowbunderway to determine aﬁailablé ieaa aﬁd cadmium inbsgil
Samples.using & hot XCl extractién. _Available or free lead ion is the noxious
component in soils gérmane,to’living systehs. 'Fixgd or,insoluble lead is not.

- It is,currently:populér tO'deterﬁiné ieéd and other elements in air
collected on filter papers by neufroh éctivation‘or x—i'ay'fluqreécenceT The
success of long~term studies using such a cplléctioh sqheme depends upon the
filter efficiencies being invarient from lot to lot. Déterminatioh of the
~relative efficiencies could easily_bé accomplished by dfawing the filtered air
through several Bubbléré following withvthe analysié.of the 5ubbler‘contents

for lead.
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Table.I. Effect 6f'Conditions on the Purificatidp of KC;

g KC1/100 ml H20 | | | i.g KCl uﬁdissolved "v . ppb Pb'in s_upernatea

150 - ’ 120 . 35

100 B - o . 0 S B &
50 | 20 - | 5.2
s s 4.0
30 . ' o 130 (32322i2§>
60° | 30 8
~ T ; 30° ,v . 1.7

All samples prepared by stirringv2l hr. at room temp. (~ 23°C).
aCalculated on solute KC1 basis.
bSblution heated to boiling then allowed to cool_toerOm temperature overnight.

Analysis of a sat'd KC1 solution prepared in 1965.
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FIGURE CAPTIONS
1. The Rotated Apparatus and Electrode Aésembly.
2. The Electrode Assémbly.

Reflected in a mirror positioned beneath the assembly are counter-clockwise:

- the glass ball stirrer, the platinum counter-electrode, the nitrogen inlet

Fig.

Fig.

Fig.

tube, the ceresin im@regnated graphite eléctrode, thé reference salt-bridge,
and the sémple'porf.
3. The Cathodic Indentation.
upper trace: A'normal strippiné polarégram.' The>peak‘is due to the presence
of copper. |
lower trace: The cathodic indentation.
h.‘ A'Coﬁparisdn df the Gfaphite Electrode and Mercury-Nickel Substrate

Electrode.

Iupper trace: The mefcury-nickel substrate electrode reéponse.

lower trace: The céresih impfegnated grapﬁite electrode. -
Conditions for both scans:v‘7 min amalgam accumulation time, AE = 7.5 mV/step,
| At = 0.8 sec/step. | _
Solution for.both scans: O.hM_KCi containing 27 ug Hé/l6 ml total sample
volume. |

Note the much greater sensitivity for the lower tréce.

5. Current-Time Decay'Curves.f6r £hé'Stripping of Pb at the 2-ppb Level.
Sqlution: O.hMiKCl containihg 28 ug Hg/16 ml of éaﬁple.'
Conditions: AE = 7.5 mV/step, At =:O.8 sec/step,

:analyzér advance fate'= 100 channels/sec,

E start = -600 mV, E stop = -492 mV.
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Fig. 6. Digital'Display of‘Anodic Stripﬁing Scans.

Fig.
Fig.

Fig.

Fig.

Lower trééeAshows.the éomplete scan; Note the barely_diséernible peakslof'
cadmiﬁm; lead, ahd éqpper and finally the very large mercury péak.
Upper tréces'are the digitall& expanded péaks barély visible on thevlower‘
trace. | |

Solution: 0.kM KC1 coﬁtaining 27 ppb Pb, ~ 10 ppb’cu,'~'4 ppb cd, and

| 27 ppm Hg. Total volume is 16 ml. '

Conditions: See conditions for Figure L. |

7. Schematic of the Overall Job Flow.

8. Flow Diagram of the Stripping'Anélysis Program.

9. Cbmbuter Display of a Lead Pesgk gnd the Calculated Background at the
1-ppb Level in‘O;ﬂM_KCl. | |

10. - Computer Display of a Two Peak Fit to Cd and Pb and.thevCalculated

Background Fit at the 13 and 42 ppb Levels, Respectively.
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XBB 726-3240

Fig. 3
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Fig. 4
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XBB 726-3241

Fig, 5
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XBB 726-3239

Fig. 6



A

TR
R

CARD READERI »

iaisang

-39-
pommsm el 'TEMPORARY STORAGE 0
:64" : 64ll DISC " -
PROCESSOR (CARD IMAGES)

-

TEMPORARY ¢
(CARD IMAGES)

TEMPORARY STOR = ON)

OAD INTO 6600

'|'PROCESSOR AND BE-

GIN EXECUTION

LOAD FORTRAN
LOAD FORTRAN
DATACELL LIBRARY

N

MAKE ANY SPECIFIED

CHANGES TO THE FOR-

TRAN CARD IMAGES

COMPILE FORTRAN
COMPILE

EXECUTE PROGRAM

.~ DATACELL :

A _8! TELETYPE

Fig.

G
Tt :

XBL 726-1120

T



40— : LBL-679

BEGIN PROGRAM

ENTER CALIBRATION
MODE )

READ A SPECTRUM /

. =TYPE INPUT,
NAME _ : TELETYPE INPUD o]
| SEARCH TAPE 5 FOR

SPECIFIED SPECTRUM

FOUND ' 5 TERMINATE |
—— . JoB__|
PROCESS SPECTRUM: e
| ELMNATE BAD CHAN- ‘
i NELS, .
| FIND ENDPOINTS, ETC. !
L ' R b Es PICK PEAK 'BOUNDARIES AND MARKERS:
. ‘|>FIRST SPECTWM‘“" READ IN ELEMENT NAME(S)
P ’ i No :

i : | CALCULATE BACK-
‘ ‘ GROUND CURVE
1 UNDER PEAK

FIT DOUBLE PEAK TO SUM
YES

: . . . OF TWO GAUSSIANS
IDOUBLE PEAK ? _ . l

P ]
USER -
OPTIONS: . |DISPLAY ROUTINE . v .
O W eohck™  14(1) DISPLAY SPECTRUM AND BACKGROUND: GSER CONTROL

GO 1O NEXT SPECTRUM (2) DISPLAY FITTED GAUSSIANS fIF- A~
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. READ IN A NEW SPEC- I__ (3) NON CALIBRATION. MODE ONLY
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{ RUN o
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Fig. 9
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Fig. 10..



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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