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ABSTRACT

" Studies reported in this thesrs were.carried out employmg an anodic smppmg
s

system constmcted via mterfacmg a micro computer (A‘na]og Devices Macsym 150) to a

J

commercxally avallable polarographic analyzer (Princeton Apphed Research Model

174A) All work was done usmg an automated hangmg mercury drop electrode system

(Pnnceton Applied Research Model 303)

Effects of the background electrolyte on dlfferenua] pulse anodic. smpplng

-

voltammetry were investigated. The presence of ch]onde ions in the solution was found
to give higher sensmvny in the deterrmnatlon of cadmium than did the presence of nitrate
ions. For lead, this s1tuat10n was found to be reversed although the dlfference in”

sensitivities is not as significant as in the case of cadrru_um. Apart from the effect on

N\

‘sensitivity} the changing of chloride levels that can arise as a result of leaking from a

chlonde containing reference electrode was found to affect the precision of the analysis
adverse]y

Using a matrix exchange procedure and a two way analy51s of variance process,

. oxygen 1nterference in anodic stripping ana1y51s was shown to- be conﬁned to the

: smppmg or ana]ySIS step.

T&~ apphcablhty of differential pulse anodic stripping voltammetry for the

measurement of trace heavy metals in soil samples was investigated by measuring the

amount of lead in a sample of soil collected locally as well as in two,certified reference

s01ls (SO-1 and SO-2; Canadian Certified Reference Materials Pro_]ect) Dlgesuon of the

-soil sample in open: Teflon beakers using a nitric : perchlonc hydrofluonc ac1d mxxtune

was found to be supenor to a microwave digestion usmg nitric and hydroﬂuonc acids. In

the case of the local sozl sample the presence of i iron ]ed to a noxsy response dunng the :

. -analysm of the dlgested solutlon usmg dxfferennal pulse anodxc stnppmg analysxs

1



, o ) [
Dilution of the ﬁnal analytical solution with.dcacratc_d buffer was found _to be an effective

.

solution to this problersi.
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~.Chapter 1

P -
Introduction to Anodic Strippihg Voliammétfy_

1.1 Anodic Stripping Voltammctrv - Princibics and Practice

An clcctrochcmxcal st ipping technique can be defined as the use of an

R cIcctrog;hemxcal method to quannfy an analyte with pnor accurnulanon onto (or into) an

electrode. One may ﬁnd a direct parallelism between [hlS definition and that of any

~ extraction (solvent or column) procedure which results in an mcrcasc in concentration of

‘the analyte. In the case of anodic ‘stripping analysis, which can bc'considcred as a
forcrunner to all other stnppmg techniques, pric auumulanon consists of a reducnvc
deposmon of metals of interest onto an electrcde. The JSU&I electrodes of chmce are.
mercury drops or mercury films, because mercury is the only rcasonably noble liquid
metal at = . 1 temperature,.so this deposition results in the formation of an amalgam. The
éonc;:ntratxon.of the metals in the amalgam can be controlled by sc_lccting a suitable
deposition time. This process is fol]dwed by a reoxidation step, usually either under
potential control or undef current control. Measurement of the unc;mtrolled parameter
during reoxidation yields a greatly amplified signal which can be dircétiy related to thé";
concentratjon of thg anal'ytve in the sol__utiqn. This amplification results from the incrcaséd
concentration level of thcvanalytc in the amalgam due to the small volume of the electrode.

Two excellent book; 1,2 exist that spcciﬁfca'lly disquss"'-sn—ipp'ing'analysis. Apart
from these, almost all modern texts on clcctroanalytical brr‘l'cthods'3v4 or voltammetric and
polarog'raphlc techniques? discuss smppmg techniques at an mtroductory level. Rcfcrences'
6,7 and 8 also can be regarded as mtroductory matenal Venkatesan? has compiled an
~extensive blbhography in: this area. '

In pracncc anodlc stripping analy51s is almost 1nvanab1y pcrformed with either a

hangmg mercury drop electrode or a mcrcmy film elcctrodc formed on a suitable substrate.



/

|

|

Braininal0, however, discusses various applications of anodic stripping techniques using

\

solid metal electrodes. Although tnis practice may have advantages in spcciﬁc situations, it

has limited applications. Recent advances in mercury thin film electrode technologies and

' '?7 'the'antomation\ of the h"anging mercury drop electrbdes have ensured the primacy of

mercury electrodes in the field of smppmg analysis.
Hanging mercury drop electrodes designed by Kemulall, which used a micrometer

head-driven drop forrmng device, have given way to electromcally controlled automatic

electrodes such as the stationary mercury drop electrode manufactured by Princeton -

Applied Research Corporation and the Multi Mode Electrode from Metrohm AG. This has

taken away the disadvantages associated with electrode malfunctioning and.

irreproducibility. Moreoyer, both of these electrodes can function as hanging mercury drop
electrodes or as dropping mercury electrodes, thereby allowmg rapid switchover from
smppm g techniques to polarographxc techniques and increasing the possible dynamic range
of the system from sub ppb levels to rmlhrnolar levels for a pameular metal. This allows an
analysis to.be carried out at the best concentration range to achieve the best accuracy and
precision posSible. Thrs area of studies directed towards irripv'rovvin‘g the reliability armrd

reproducibility of hanging mercury drop electrodes is still active as evidenced by several

- reports12 13,14, 15 16 that describe improvements made to existing electrodes, as well as

ek

radically new ways of forrmng and maintaining a drop of rnercury at the end of a glass
capillary.

The mercury thin film electrode has also undergone: consxderable modifications
mamly as a result of the advancement of the theory and understandm g of the behaviour of
mu:roelectrodesl'7 which are defined as devices with charactenstlc drmensrons smaller
than 20um. Several favourable condmons such as lower mtert‘erences from dissolved

species in the matrix and lower IR losses18 can be achieved with this drastic reduction in

‘surface area of the electrode.

3¢



Sottcry and Anderson19, Wang et a1.20 and Schulze and Frenzel2! report on the
use of carbon ﬁbcrs as substrates for thin mercury ﬁlms as applied to anodjc smppmg
voltammctry Golas and Osteryoung22 have studied the nature of mercury films on carbon
ﬁbers Wang23 reports on a graphltc -epoxy electrode that can be used for anodic stripping
measurcmcms. Though this is a disk shaped electrode with a radius of 140pm, use-of the

term microelectrode is warranted in the v1ew of the method of fabrication. Pons and

Fleischmannl7 point out the- p0551b111ty of using a mercury drop with micrometer

dxmensmns deposited on a metallic or other suitable microelectrode for stripping

applications as opposed to-thin films.

| The search for novel substrates® for thin mercury ﬁlms has not been limited to
carbon fibers. lee\ et al.24 have prepared clcctrodcs byi 1ncorporann g graphmzed carbon
black into a polyethylene matrix that can be moulded into various shapes and has been

shown to have electroch€mical properties similar to or superior to glassy carbon. Yoshida

 and Ki_ha;razS have evaluated a nickel based mercury film electrode for the purpose of

anodic stripping voltammetry. They have found it to have a higher hydrogen overpotental

than mercury films based on other metals, which allows stripping determination of both 2

‘lead and cadmium. They also report on the better stability of a mercury film on nickel. Use

of glassy carbon, which is a widely used and preferred substrate for. mercury film electrode

prepa:ation, has been reviewed by V_an Der Linden and Dieker26. Florence27 also has

- studied the merits of glassy carbon eléctrodcs. Clem, Litton and Omcla528 provide a long

and informative discussion on preparauon and properties of wax impregnated graphne
clc:ctrodcs uscd as a substrate for mercury films in early studies.

Figure 1.1 (redrawn after Barcndrcchtzg) illustrates the é'ntirc process of anodic
stripping analysis in a compact manner. As indicated the analysis system usually consists
of a cell which contains the analyncal solution and a stirring mechanism. Stirrin g increases
the ﬂué.&f analyte to the clcctrodc mcrcasmg thc cfﬁcwncy of the deposition or the

accumulation step. As a result of thxs, deposition is not being done under the diffusion
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controlled conditions that are encountc.d in polarography, but under convective conditions

such as those usually found in coulometric cells. On the other hand deposition is not bcingl

carried out to the limit as in coulometric analysis, but'is terminated after a rcpr'oducible*’\‘\\

fraction of the analyte has been deposited. In most cases 0.5-5% decrease in the
concentration of the metal jon in the solution can be expected. To achieve this, exact
reproduction of the stirring conditions is necessary, which depends on thé size and speed
of the sn'ri'ing part, shape of the ccll,vlocation of the electrode and other related pafameters.
An equilibration step has been incorporated‘ prior to the stripping step to alln\f\/ the

solution to become quiescent. This is essential in the case of a hanging mercury drop

which is usually operated with a magnetic stirrer to provide stirring. Otherwise

disturbances arising from the nonuniform solution flow hinder the measurement process.
In the»’@se of. a rotating thin film mercury electrode this step can be omitted and the
electrode can be rotated throu ghouf the stripping procednre, as a result of the well defined
hydrodynamids and the close control one can have on the rotation of a disk electrode. In

fact claims have been fnade on the superiority of using an accurately controlled glass ball

shaped stirrer in place of the usual magnetic stirrer28 and of using a gas flow for stirring'

purposcs3o On the other hand it has been shown that a magnetic stirrer is equally effective
‘w‘.ith a stationary thin film mercufy electrode31.

- The actual stripping step can be accomplished by a variety of methods_.
. Voltammetric stimulations which arc direct adaptations of the waveforms used in
polarography‘arc much more popular due to the ready commercial z{vailability of the

necessary instrumentation.

Linear scan voltammetric stripping, in which a linear voltage rdmp is applied to the -

electrode, was originated by Nikelly and Cooke32in the late nineteen fifties as an’ alternative
to the coulometric estimation methods which were used at that time. In fact the power of
anodic stripping voltammetry was demonstrated by the use of coulometric estimation

methods as early as in nineteen fifty two by Lord, O'Neill andkRogcrs33, who analysed a

>
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12.5 ppb solution of silver with a platinum electrode. Differential pulsed stripping, which
has its roots in differential pulsed polarography, has replaced this early stripping technique
to a large extent. The djfferenti5 pulse wave form offers a large sensitivity ihcrcasc over.
linear scan, céuplcd toa bctt;:r resolution of stripping peaks, with a well defined ba<sc line
in most situations that simplifies the quantification process (Figure 1.2).
~ Sensitivity improvement in differential pulsed stripping stems from its ability to

suppréés-charging current cdmributions to the signal. This gain is further increa'sed by the
replating of oxidized metal in between pul_sing-périods, when the potcmiaj of the electrode
is more negative than the oxidation potential of the analyte. Some of these aspects as
applied to thin mercury film electrodes have been studied by Copeland et al34,

As shown in Figure 1.3, the differential pulsed wave forms used in normal practice
use a slow voltage ramp which increases the analysis time considerably. Lund and
"Onshus35 have compared thcée two tech‘niq_ues as applied to the bréctical analysis of a sea
water sample. Their work is also significant for the theoretical relationships d(;rivcd for
differential pulse anodic stripping voltammetry on a hanging mercury drop electrode.

i,onger analysis times with differential pulse stripping can be considered to some
extent as an instrumental Iimitation rather than a fundamental barrier of the method, since it
has been demonstrated 19 that faster stripping can be realized by reducing the waiting
pcriodvbe.twcen pulses. In general purposc‘. commercial instruments, which are designed to
be operated és polarographic analyzers as well as stripping analyzers, the pulse repetition
function is usually tied to the mercury drop renewal operation in the polarographic mode.
Recent microprocessor based instruments allow more flexibiluy in thif area. Sgénsmark36
proposes a staircase voltammetric stripping method }with a stripping time of four
milliseconds (scan rate of 156 V/s), compared to 150 seconds at a 10 mV/s‘ scan rate using
diffcmntiai pulse stripping voltammetry. | \ | |
Square wave voltammetric techniques proposed by Barkclj37 have also ;becn

~ implemented with microcomputer controlled systems38 to enhance anodic stripping



Figure 1.2 Comparison of Linear Scan and Ditferential'Pulse Stripping Curves.
for a Solution Containing 1‘ppm Cadmiun:.
A. Differential Pulse Stripping - Scan rate 5 mV/s
' Modulation 50 mV
) Pé?k Height 0.56pA.
B. Linear Séan Strippjnlg - Scan rate 50 mV/s
Peak Height 0.11pA

- A 36 s deposition was done in both cases.




Figure 1.3 Comparision of Stripping Wave Forms: Linear Scan and Differential Pulse.

A. Linear Scan: Scan rate 50mV/s.

B. Differential Pulse: Scan rate S5mV/s; Puise Height 50mV; Width 50ms:
Interval 1s. :



tcchniqucs.. Provisions to perform square wave analysis are provided in.scvcral x;cécnt
commercial voltammetric analyzers. It should be pointed opt that in nineteen fifty-two
Barker37 described the anodic stripping analysis procedure in the way it is being practiced
today as a technique that can be used to extend the sensitivity of square wave tcchmqucs to
the 10-11M range, but refrained from promoting it since he did not see any real need for a
tcchmquc with a sensitivity higher than the 10 M lcvcl that can be achlcved 'with square
wave polarography |

In recent years much interest has been directed towards moving away from the

standard batch cell process into ﬂow systems. On top of the time advantage flow systems o

~offer an easy way to perform matrix exchange, which in simple terms amounts to chan gmg

the electrolyte or the solution present at the working electrode between deposmon and
_ smppmg operations2. This cxchange process allows one to carry out the stripping step
under standard conditions in an envuonmcnt free from other contaminants present in the
sample, with the optional advantage of taﬂonng the stripping solution composition w1th the
use of pH m'odiﬁcrs and complexing agents to enhance the sensitivity ‘o'f a speciﬁc mcﬁl or
to suppress the signal of an interfering metal.

Ariei'sﬂow system39 which uses a rotating disk electrode can be cifcd as
representative of the early attempts in using flow systems to automate the stripping
analysis. These manipulations were donc' by incorporating a pnmp into the system-and with
-relatxvcly minor mod1ﬁcauons n the cell design. Buchanan and Soleta's flow through el] '
system38 s representative of the next stage of these developments, Wthh Incorporate a
squarc wave stripping technique with a /matnx exchangc system. Though based on an
automated hanging drop electrode, a majbr‘dewatlon from the classical conﬁguranon 1s the
use of sample ﬂow itself for convective transport of the analyte Huring the dcposmon
period. The matrix cxchangc procedure used in this cell has allowed the use of

nondcacratcd samples with a 51gmﬁcant reduction in analysis time. A parallel system which

Ncac o thin evvacmisen: lan nd acmasalo . 9



by Wang and Greene40. The flow injection system dcscribed by‘ Wise et al.41 marks the

cvolution of a newline of thinking in terms of instrumentation. Usin‘g a commercially -

10

avarlable flow cell and a potennostat they have demonstrated the capabrllty of the system -

by performing an 1nd1um analysrs uSmg drfferenual pulse stnppmg ata 20pg/ml level,

l

which requn‘es only lml of the sample The maJn 1mprovement over Buchanan and Soleta's -

: system37 is the mamtenance of a contmuous flow- even dunng the smpprng step

Gunasrngham et al"‘2 have reported on the use of a wall _]Cl electrode for the same purpose.

' Th.lS electrode pnmanly developed for electrochemical detecuon in high performance hqurd -

chromatography systems has been claimed to have better deﬁned and well understood'

hydrodynanruc propemes which are useful in thlS type of apphcatlon

Another attractive dlrectlon taken by some workers is the use of d1fferennal or
subtractive stripping sysftems where a differential response from two»elec'trod'e's- op’erate’d

simultaneously is used to correct for. background effet:ts such as those ansmg frorn oxygen' '

. and-other’ drssolved Spec1es Zmno and Healy43 have used two 1dentrcal hangmg mercury

drop electrodes for th:s purpose Only one electrode 15 bemg plated dunng the deposmon '

e
.

period. The dtfferentlal ‘'signal arising from applymg a lmear scan stnppmg ramp R

simultaneously to both electrodes is used to suppress the hlgh charglng cunents associated - -

with linear scan stripping. Sib ppb level results have been reported for lead and cadmium

with a five minute deposition time and a scan rate of 500 mV/min.
Another subtractive stripping system30 uses a matched set_of ,graphite 'electrodes

cast in an epoxy resin body to ensure perfect and stable alignment. These electrodes,

operated as thin mercury ﬁ_lm_electrodes. are plated differentially by switching__t_he potential “
of one electrode to an dxidative value halfway through the deposition step. Sub ppb results.

- are reported for a one minute deposition with a 33mV/s stripping rate, under linear scan
conditions. An increase iri the deposition time to two minutes provides voltammograms

with flat base lmes at these concentrauons Wang and Dewald44 descrtbc a variation of thrs

' techmque as nnplemented in a flow injection system, where one thin film mercury clectrode. p



is used. The striPp}ng operation was carried out in the samplé solutiori-n itself with a stopped' '

flow. Background recorded in the carrier solutior. is digitally subtracted using a computer
data acquiéition system. Sub ppb determinatior.s have been pérformcd with one minute.
}lcposiﬁon using 20Cul nondcaeréted samples.

| As 6pposcd to 'v'qlxammctric strip;;inb procedures, potentiometric su.'ipping
introduced by Ja'gner and Graneli4> uses the recording of the potential variations at the
.worldng cllectrode, with oxidative stripping induced by oxygen or mercuric ions present in
ﬁlc solution. The main advas =ge of this technique is the reduced stripping time and the
simplicity of the instrument. 'Kryger46 has dcveloped a differential pbtcn__tiqmctric
technique, which enhances the normal potentiometric stripping_outcomc. The irnpfovemem

is similar to the improvement one achieves when géing from linear scan sm‘pping to

dlfferennal pulse smppmg Development of this’ tcchmque has been accelerated by the early |

mcorporauon of computer data acqmsmon systems, which allow the use of high stripping
rates, easy incorporation of flow _cells, .and sophlstlcatcd data man1pu1at10ns47- This
method has been used in practical analysis of envifonmemal samples on a routine'basis“8
A novel use of this technique49 is the quantification of dissolved oxygen in natural water

samples through the measurement of smppmg time of a standard metal solution.

' b
1.2 AnOdiC‘SITipDiHE Voltammen'v in Environmenta]‘_ Analysis

Anodic stripping analysis can be considered as a modification. of voltammetric

techniques for the spct .ic purpose of tracé metal determination. Compared to the dominant

atomic spectroscopic methods, elcctroche;rxicalmethods have limited scope under given
circﬁmstanccs 'rcgarding the riumber of metals that can be analysed rﬁéldng them 'unsuitable
as candadatcs for total elcmcntal analysis. Offsetting this shortcommg 1s the high scnsmvmty
for cnvuonmcntal]y 1mportant metals such as lead and cadmium. Qur cnvuonmcm being an

aqueous one, and many,6f t thc xmportant rcact;ons being redox-type, reactions, metals or

compounds that are highly electroactive in. an aqueous solution form a class of |

1
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environmentally important species. Most often metals interfere in natural processes through
complexation. In this regard, anodlc stripping analilsxs can offer an unparalleled advantage
due to its scnsmvny to the form of metal species in an aqueous solution, allowmg
differentiation between different omdatlon states as well as different complexesd0:51,
Though a num€ber of signiﬁcani advances have been made in anodic stripping
techniques as well as in the general area of analytical voltammetric techniques, mostly with

TesggCt 10 instrumentation, utilization of this technique in the area of environmental analysis

is.still limited mainly to the analysis of natural water for possible pollution by heavy

metals32.53. There seems to be a considerable reluctance 0 a apt anodic stripping analysis

) for the analysis of soil and related samples, which form an important class of samples in
the environmental monitoring for toxic trace metals. }ﬁsforically, soil and mineral analysis
has been clo\scly related to Lhe.developm'cnt of atomic spectroscopy, which cﬁplains to

© some extent the current trend in this diréction54. Acéording to Jenkins and Jones3S "The

advent of atomic absorption spectroscopy brought a greater precision and sensitivity for
selected trace elements, though it necessitated the dissolution of samples, which is
inconvenient for studies of trace elements in the solid phase, but on the other hand proves
particularly ﬁscful for analysis of extracts. Our kﬁowledgc of Cu, Pb and in particular Zn
cxpaﬁded rapidly with the advent of this technique”. Ironically Cu, Pt{:gpd Zn are three of
the meta]s most often determined using stripping vol@mmetn'c mct;;ds. It is true that
significant advances have b;cn made in atomic spectroscopic techniques in recent years, but
the lack of studies rcgérdin g applications of anodic stripping techniques in more practical

‘situations hinder any evaluation or comparison. There appears to be only one published

rc:portS6 discussing the use of anodic stripping for the ahalysis of soil for toxfé‘ trace

metals. An agronomy monograph57 on methods of soil analysis devotes an entire chapter

to anodic stripping voltammetry.and differential pulse polarography which forms an

‘excellent introduction to the subject but does not cite a single exampleor a literature report

of a practical application in this field. Nevertheless electrochemical techniques have been

12



‘used and have been dcmoqsﬁ*'atcd to be capable of having very high sensitivities with

various sample matrice 51,2,

Most of the chemical analysis methods being solution analysis techniques, soil .

samples are digested with an acid or ‘f'used with-an alkali salt to render 1e sample soluble
before the analysis. Exceptions requiring no sample dissolution are neutron activation and
X ray energy dispcrsi"v‘c technigues. This digestion step reduces the sample to an aqueous
solution tl.at can be analysed using many different techniques. In the view of the
environmental scientist or soil chemist it is the amount of metal present that is significant
but not the technique. So it is customary to give a very low prion'fy to the reporting of the
technique used unless it is an excl sive method for the analysis of a particular sample. This
“fact complicates the estimation of usage of anodic stripping techniques in this area.

Wang points out " some educational f)roblems" (reference 1, p.3) in discussing
acceptance of stripping analysis as a trace analytical technique. Almost half a century ago,
'Sand>8 stated the cxistence of a "certairi mistrust in applying unfamiliar physical concepts
to chemical analysxs...”- as a reason for the low usage of electroanalytical methods in

chemical analysis. Kissinger's statement>9 - "Electrochemistry is not a well understood

subject. It is given very little attention in the undergraduate science curriculum. Many

scientists who find it useful are not comfortable with its basic principles” - does not show -

any improvement in this regard. It may be the early development of theoretical concepts and
rizgoro‘lis rrjathematical treatments of kinetics of electrode reactions that hindered
electrochemical t‘echni.q'ues from gaining ground as versate analytical techniques.
Fistibein's60 asscssrﬁcnt of the requisite high level - skill required for optimal operation
of anodic stripping equipment, which he views as a disadvantage, may also arise from the

same reason. o '
Work reported in this thesis was aimed at assessing the applicability of diffefént:iél

pulse anodic stripping voltammetry to the trace metal analysis of soil. This consisted of an

investigation into suitable sample digestion procedures, as well as a study into the effects of

13
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residual anions from an acid digestion process on the outcome of the anodic stripping
analysis. Digested soil samples were analysed only for their lead and cadmium content.

However, because of its representative nature, most of the results regarding the

applicability of aﬁodic stripping analysis can be considered valid for heavy metals

generally.



" | Chapter 2

- Introduction to Soil Trace Metal Analysis

In terms of soil science, soil can be defined as, "Uncoooolidatcd mineral roé{tér on
the surfacc of the carth'that has been subjected to and inﬂu%ccd by genetic and
environment factors of parcnt material, climate (mcludmg moisture and tcmpcrature
effects), macro and micro organisms and topography all acnng over a period of time and
producing a product -soil- that.dlffcrs from the matcnal from which it is derived in many
- physical, chemical and biological properties and characteristics"61.

In this definition soil has been viewc_o as a dynamic living system as oppos'ed to the
feeling one might get that a sample of soil being prepared for chemical analysis is no more
than a gray powder. This difforence in definition complicates the role of the analyst in this
important field. At a sorg::what imcrmcdia;e levél we can consider soil as a mixture of two
main componcnts rmncrals and organic matter. Minerals are crystallmc and noncrystalline
material derived from the weathering Jf hard rock at the earth's surface. These can be
con51dercd as inorganic in nature and consist mainly of 5111catcs. Organic matter, which
originates as residues from a myriad of plants ano animals that inhabit soil, may also have
undergone numerous changes that have transformed the original substances into forms that
are unique and which bear little resemblance to their precursors. Though it can vary with
location and history :of a sample, in general, the organic phase of soil can be expected to
occur as a coating over mineral ‘pardclc562»63 In most soils, it is the organic bphasc togcthcf
with finer mineral fractions that acts as a binding aéem bgtwcen large mineral particles.

Under field condmons there may be a solution phase and a g%ascous phase that share the

) cavmcs w1th1n soil. These two phases are sa1d to form the soil atmosphere. Disregarding

il
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this soil atmosphere, which'is lost when a soil sample is removed from the field and dried,
trace metals can be expected to exist in this complex background in two main forms.

1. As atoms or compounds deeply embedded in mineral phase constituents. Metals

~present in this manner car e assumed to form a stable background concentration of that

* '

particular metal.

2. As'ions or/ionic compounds adsorbed or complexed on to mineral and organic
phases. This fraction is weakly bound compared to the. first,and can be regarded as the
more labile fraction. Precipitated salts and organometallic compounds that can be present in
soil may also be included in this category. | |

While the first‘fractﬂi.on may be regérded‘a‘s imponaﬁt in mineral exploration and

geochemical studies, the second fraction is important due to its ability to interact with plant

and animal life through releasing or accumulating trace metals. It is this phaseof soil that

acts as the bridge between the more stable mineral fraction and the soil solution, which

contains trace elements in the most mobile form.

The mineral fraction of soil can be further subdivided into sand, silt, and clay -

fractions according to the particle size, silt and clay being microscopic and submicroscopic -

respectively. These small particles with large surface areas usually carry excess surface
negative charges offering perfect adso'rpti‘on sites fo; trace metals eithe'rv through i'oﬁ
exchange or ~di.rcvc:t chemical bonding. Hydrous oxides of iron, aluminium and xﬁangancse
also act ,as sites for surface adsorption. The organic phase, which can be broadly
subdivided into humic ac__iq, _fulvic‘, gcid, énd humin fractions, might retainb metals through
chemical bonding as well as throu gh entrapment of ions and compounds§4.

Trace metals bound in this manner into the chemically act'iv‘e organic and clay

fractions are derived from more stable mineral fractions, either through natural weathering ]

activity o1 through the intervention of man. Gcological wcathcring processes are very slow

processes compared to the man made release of mctalhc pollutants Rcalxzanon of the

slowness of natural processes, which are usually cxpcctcd to return thcsc unnaturally‘

16
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rclcascd.mctals into stable staics, darkens this picturc65. Once pollutant metals reach soil,
ciay and organic fractiohs tend to-bind these metals, hindering further distribution. Runoff
from rain and snow may carry parts of these low density fractions into streams and rivers.
They uldmately end up as sediments that settle in calm areas of these water bodjt_:s.‘Dun'ng
this scdimcptau'on process, rﬁctals and other elements &at haQe been adsorbed, complexed
or othcrwiéé incorporated into these particles are also removed from the bulk of the water
‘ body. In this way the clay and organic fractions of soil are directly responsible for metal
scavenging actions of water bodies. The sediments thus formed will be transferred back

onto the earth’s surface in the long run and be incorporated into the surface soil. Daviesd3

. ¥ .
discusses this aspect of trace metal distribution in“soils and provides several illustrative

examples.

Because of the similarities that exist bc‘tween river sediments and soils due to their
common origin, many of the analytical and sample treatment techniques can be used
intere¢hangeably. For this reason literature discussing analytical techniques applied in the

o

case of river sediments has been quoted in the following discussion without indicating the

nature of the specific samples.

I

2.2 Soil Trace Metal Analysis- Total Analysis and Speciation Studies

From the foregoing discussion it follows that trace elements in soil are expected to
be present in a number»of retention modes. Apart from the major distinction between
mineral-embedded and surface-bqund s'pecies, the nature of the retention mode can vary
within each category, aJlowing one to define a diStx:ibution or a speciation pattern for a
given tracé element. The analytical scheme that is being used for the anaiysis of trace
'\ clement concentrations in a given sample should vary accordin gly. It can either be directed
fi)wmds arriving at a mean concentration of a particular element in the whole sample, which
is usually referred to as a total analysis, or at obtaining information on the distribution of

metal ions within various bonding modes.

17



The usual procedure involved in total ar\;alysis is to usc‘ a dissolution procedure to
dissolve the whole sample and to analyse the rcsultant_solutiori. Emission spectroscopy or
X-ray fluorescence analysis can also bc used without going through the dissolutio;l step if
one is prepared to accept a somewhat higher detcct_ion 1imit66, X-ray techniques have the
additional advantage o{ providing information on the mineralogical composition of the
sample. Specifically designed cxtfacn'on procedures are often used to obtain information
related té speciation of metals67. Bccausé of the c'lose relationship that exists between plant
availability and toxicity of soil bound heavy metals and the nature of boﬁding, these studies
have widespread uses in agricultural as well as in environmental investigations©8.69. The
term "extraction” has been used in this area to indicaté the &ansfer of metal analytesinto a
solution phase frorfl solid soil phase with or without a total dissolution of the solid phase
rather than to indicate partial extraction of the metal sought’0. The term "'selc.ctive

extraction" is used to distinguish studies aimed at fractionating the total metal content on the

basis of retention modes. Picken’ng67 classifies selective extraction methods into three

categories: |

(a) selective dissolution of sample components, e.g. dissolution of ferromanganese -

oxides and carbonates using acetic acid,

(b) selective release of fractions, e.g. use of EDTA solutions to extract
exchangeable ions, and

(c) scquential‘extraction procedures, which are generally a combination of above
procedures carried outin a scquémjal manner.

Thcsclproccdurcs are va]u'ablc when the amount of information they provide about
the sample is considered, but tend to put heavy demands on the analytical tech‘niqucs that
are being-used for quantification purposes, due to variations in final matrix composition.

In this work total metal analysis was studied rather than speciation or fractionation

techniques. In general one can assume that this goal has been achieved ﬁpon one hundred

percent dissolution of the sample, provided the analytical technique is not hampered by
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advcrsc matrix effects. However it should be noted that it is not always necessary to
dissol,v?: the whole sample, due to differences in metal accumulation properties of the
different soil components. An HCI/HNO3 extraction procedure has been shown to give
total fncta] contents for some metals in a standard sample69,70. Ability of these simple
methods to indicate total metal 1e§els depends to a large extent on their ability to dissolve
the right por;ion of the sanﬁpl_c, which consequently depends on the nature of the sample

itself.

2.3 Digestion Methods Used in Tbta] Trace Metal Analysis of Soils

Digestion methods évailable for the dissolution of soil iypc samp_ies can be divided
into two main categories: acid digestion and alkaline fusion. Acid di gestion procedures are
wet chemical procedures carried out at mvoderétc temperatures, uéually below 2500C.
Fusion procedures involve melting a mixture of sample and an appropriate flux at a higher
'tcmpcrafur:e (~ 10000C )71, This technique is usually applied in the case of major element
dctenniné’iions, and has been found to be unsatisfactory for trace metal analysis72. The
main problems in fusion methods are high blank levels from the use of a large amount of
flux and the‘ loss of volatile elements at 'the high temperatures employed. High salt
background salt concentrations in the solutions obtained by dissolving the\fused samples in
éci’d can lead to problems in atomig absorption measurements. Nevertheless, fusion
techniques, especially lith_ium tetraborate fusion, have been shown to be effective in the
trace metal analysis of soil type sar}xples using atomic absorption methods.

Sulcek, Povondra and Dolezal73 have reviewed the area of dccomposmon methods

in morgamc analysis and list many variations of these two general techniques. An i unportant
mochﬁcauon of fusion techniques are the smtcn@ﬁcmods where a low temperature and a

low flux ratio is being used. Though cited literature cxarnplcs are mainly directed towards

the analysis of major components of silicate minerals, many of these digestion methods can

be cmploycd for trace analysis as wcll if due allowances and precautions are taken. Fusion
R
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-techniques and their variations were not considered in the work described in this thesis.

Acid decomposition techniques, especially perchloric digestion methods, were thought to

be more appropriate for the purpose of trace analysis in soil samples using anodic 'stn'pping
voltammetry. This decision was based on (1) the low temperatures involved, reducing
f)cadn g and cooling times as well as equipment requirements, (2) ready availability of ultra
pure acids and (3) the widespread use of acid dcéompositions in the general area of trace
analysis.

Acid digestions can be further subdivided into open and closed systems. Digestiéns
carried out ;mdcr nofmal atmospheric pressures in open Bcakc;s, conical flasks or other

containers with or without refluxing attachments to suppress the evaporation losses are

classified as "open digestions". These systems, which can be considered as classical

digestion techniques, have been improved or rather adapted in recent years by the

introduction of Teflon beakers and other implements to be used in trace metal analysis.

Almost all mineral acids have been used in these systems for various digestion procedures. -

For the purpose of trace metal analysis, however, only perchloric, nitric and hydrochloric
acids have been used cxtcnsivé:ly. In soil and other silicate sample digestions hydrofluoric
acid is the acid of choice for the disruption of the silicate matrix. Hydrofluoric acid is the
only acid that reacts with si]icbn, silicon djoxide, and silicates, forming soluble H;SiFg.
Though relatively weak as an acid, with\a PKj of 2.92 (iin a medium with an jonic strength
6f 0.1)74, its complexing properties make it a superior solvent for many elements. Usually
HF is used in conjunction with other acids,.pn'marily HCIO4, HNO3 and HCI,. in order to
achieve a complete dissolution of the sarnplc; In the ‘casc of soil it is difficult to assign

individual fractions that are being dissolved by different aCids, except for the action of HF

on silicates and the oxidative action of HNO3 and HCIO4 on organic matter. This

difficulty is due to the unknown composition of a given soil sample.- An extensive amount
of data exists’3 on the action of these acids on various minerals which can be used in many

instances for the selection of suitable .acids. Digestion procedures used in trace metal

=
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analysis involve heating with HNO3, HCIO4 or HF or a mixture of these acids followed

by evaporation to dryness. ’I’hc main object of the evaporation step is the removal of

fluoride and silicon, through the decomposition of H)SiFg into gaseous SiFy4. I-hgher

oxidative action resulting from the high tem{)%h%urcs attained at this stage is an advantage -

towards the decomposition of organic and nonsilicate components.
~ However, there érc‘ccrtajn minerals that are resistant to the attack of HF. Breder/5
has found a residue weighing 200mg from the accomposition of a 1g river sediment
sample, even after incx{ﬁ:asing the amount of HF used up to six milliliters. Sulcek et al.73
cite various examples ;)f this nature, especially wi:h the digestion of rock samples, when
high Sample weighté aré being used. Offensive precipitates seem to be due to the formation
of fluoro complexes containing iaron and aluminium. Once formed these compounds caﬁnot
be dissolved easily, even with repeated perchloric treatments. Maqueda’6 reports the
1nab111ty of the usual HNOg3, HF, HC104 methods to dlSSOlVC the mineral pyrophyl{ne in
clay samples. Bennct77 notes the inability of HF to dissolve beryl, tourmaline and zircon.
No clear agreement can be found on the order of addition, amoun_ts of ac1ds,
heating temperatures, and length of diges‘tion among the large nur,nber of reported
prbccdurcs for silicate-based samples. The only agreement is in the final evaporation to

near or complete dryness, after which the residue is dissolved in 1M HN'O3,or‘HCl. This

variability may be due to the tendency to use the least vigorous digestion method possjble

with a given sample together with other considerations stich as avoidance of perchloric acid

for reasons of safety. A definite trend in the choice of acids can be seen. Unsuitability of
' &

H7SO4 for the purpose of trace analysis has been observed’8.79. Formation of insolubl

sulphates of calcium was found to interfere with trace lead analysis mrough adsgrption

losses78,80. Similar problems have been observed with HCl/HNO3 mixtures, infaddition

to volatility losscs of metal chlorides. Recent literature reports show a tcndcnc toward,

~using HNO3/HC104/HF combinations for the purpose of digesting sediments, soils and

other associated samples.
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High digestion temperatures, which is an advantage of HZSO4-béscd digestions,
can be realized with these acids in a closed digestion system or in more common terms in a
bomb digestion procedure. Closed vessel digestions whcrc'high temperature and pressure
conditions can be realized have been uséd in gcolo,c;ical analysis as early as 1 89473, Most
of these early methods used sealed glass tubes to achieve these conditions. .
Tcﬁfon lined steel bombs have replaced this early apparatus and are widely used for
sample éigcstions. Relative frccdorﬁ from the need of constant attention and short
digestion times that can be realized due to high pressure and temperature can be cited as
reasons for this popularity. It has bcc;x reported that some of the resistant silicateé are

amenable to HF attack in a high pressure bomb’6, 77 Acid mixtures which are used in

open beaker systems can be ‘used in bombs too. Contrary to the advice from

manufacturers8! some authors have reported the use of perchloric acid for the digestion of |

soil and sediment samples in 'these,r":b,,c;mbs69’79 ‘without any adverse tesults, though the
effects of this on the useful lifetime of Teflon liners is not clear. Hsu and Locke?9 report
the beneficial effects of increasing the perchloric acid amount in the digestion of resistant
deep sea sediments. . _

Ranltala and Lorifzg82 have designed a Teflon bomb without a steel ouicr casing,
which can be heated up to 100°C ( the usual upper limit for high pressure bomb with a
steel jacket'is 2500(:) in a water bath. This bomb has beeh' used successfully in digestions
of silicates, sediments, and s0i182, 83; 84, 85, 86" 87 employing various acid mixtures

including perchloric.

The most recent advance in this area is the use of microwave ovens for heating

samples contained in Teflon and other plastic containers88, 89, 90, Unlike conventional

r L. . . '
heat sources that depend on conductive and convective processes for the transfer of heat

from the source to the solution, microwave radiation is converted to heat within the

~ solution. Microwave transparency and low conductivity of Teflon and other plastics makes

this method more attractive for digestion of samples in these containers. Unfortunately
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metals can absorb and reflect microwaves used 1in these ovchs so metal jacketed Teflon
bombs cannot be used. This barrier has been overcome to some extent by constructing a
~ jacket from high strength plastic91 which is commercially available at a considerable
expense. Microwave heaiing reduces the digestion times drastically. The usual oven heated
Teflon ’bomb digestion which takes three hours can be dbnc within minutes using

microwave heating. This reduction results from the quick heating process.

i,
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Chapter 3 . >

Instrumental Setup

3.1 Main Components of The System

- Though fundamen‘tally simple, anodic stripping analysis demands’ a carefully

_ monitored and maintained in_strurn_ental setop. In any kind of trace analysis, exact
- reproducibility of the conditions is vital to obtain good results. In anodic strjipping analysis
the main instrumental parameters that have to be controlled are the depoéin’on potenn'al the
deposition time convection conditions during deposmon and the mercury drop size wnh a-
" hanging mecury drop electrode (HMDE). Yoo ‘

. “The deposition potential can be controlled _t_o'a satisfactory level.by e-rr'lployintg‘ a
;hree-electrode potentiostat. Automated hanging mercury - drop ele'\ctrodes' or even' :
rrlicrometer-driven manual electrodes will produce adequate reproducibility of the rhercury
drop size with proper care and maintenance. Con’ of timing operations can be tarried out
" in many different ways, including total manual control and use of a micro,computer. Whlle
there are corr1rncrc1a11y ‘available voltammetnc instruments equipped with provisions for
con"trolling these operations allowing anodic stripping to be done without -additional”
accessories, these rnicroprocessor based instruments tend to have very high price tags, . |
making ohe question the v‘alidi'ty of the well known'olaim of .inexpensj‘ge instrumems.
Moreover, the flexibility of a homemade instrument has prompted various workers to
interface commercial as well as homemode potentiostats to nlicroeomputers42-92.

The anodic stripping system developed for this work consisted of a nﬁcrocompurer
the Analog Devices Macsym 150 a potenuostat/polarographrc analyser, the Princeton
Applied Research Model 174A; and an automated hangmg mercury drop electrode the *

Princeton Applied Research Model 303 static mercury drop electrode (SMDE). )



&/'hl
" .

The Analog Devices Macsym 1501'microcomputer is specifically‘ designed for

measurement and control operations and can be egg\i\{y interfaced to cont:r'ol'ahy instrument
by means of prewired /O cards. It also uses a speciﬁc version of BASIC (MACBASIC)
through which any of the control or measurement channels can be accessed via direct
commands In addition a set of graphxc commands allows a real time data dJsplay ;outme to
be 1mplefnented easily. The setup used for this work contamed the followmg cards, whrch
are located in the main card cage of the computer
- .DIO-100 DIGITAL IN PUT/QUT‘PUT CARD
U§ed with AC@C modu]es for control functions. "
AIM-100 ANALOG INPUT CARD
) | ‘Used to tap. 174A recorder outputs which were used as the data outputs.
- AOT-100 ANALOG OUTPUT CARD
. Used as an output to an XY recorder
* DS-1100 DUAL SERIAL INTERFACE CARD
U‘sed\as a printer port. . _

‘The Princeton ‘Applied Research Model 174A polarographic analyzer is a
commercial instrument designed for polarographic ané]ysis in normal, sampled DC; pul-se
~». or differential pulse modes |
' The Model 303.SMDE, is de51gned to be connected dlrectly to the Model 174A or

, other Prmceton Applied Research instruments via appropnate cables. The operauons of this

electrode, i.e. drop extrusion, drop dislodge, purge initiation and ter‘mmatlon, can be

controlled via TTL inputs to appropriate pirts on its two back panel sockets. Appropriate

logic levels are also ava.}lable on these ports, so digital output modules on the MAACSYM»'S_

DIO-100 card, which are essentially solid state sw1tches can be’ convcmcntly used to

control ﬁese functions.
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Interfacing between these three instrulhéhts was accorn;;lishcd hy modifying the
cable supplied by i rinceton Applieu Research to interconnect the Model 174A to the Model
303 SMDE. Connection to the auxilliary electrode was routed through a relay box which

connected the auxiliary electrode input to the summing amplifier input of the Model 174A in

the cell bff mode. The relay box was under the control of the Macsym 150. Model 303

SMDE functions as well as the scan inhibit/initiate functlon Qf the Model 1'74A were under

thé_ direct control of the Macsym lSOILhrough digital input output card DIO-100. Outpin
signals from the Model 174A rear panel banana sockets were connected via AIM-100

analog'input card to the Macsym 150. This card was used in a single ended conflguranon

with a +9. 995\/ to -10.00V full scale and a gain of umty Table 3.1 lists connections made

to ithe Model l74A via its rear panel Amphenol connectors. Flgurc 3.1 shows a block
diagram of the system wﬁilc Figure 3.2 gi‘vesﬂ ab more detailed picture in the form ofa
schematic wiringldiagram'. _ ¢ -

Apart from these three main éonipomms, the system also included a magnetic

stirrer (Fisher Scientific Catalogue no. 14 511-2) which was powered through a rheostat

(OHMITE V{, Ohmite Corporatiph) and was c_oﬁtrolled via an AC module connected to the

26

DIO -100 card. A XY recorder (Hewlett Packard 7045A) connected to the AOT-100 analog |

ouqﬁut card was used to obtain hard copies of the stripping curves. An Apple Imagewriter

‘ (Apple Computcf, Inc) connected via the DS-1100 dual serial interface card served as the-

system printer.

The snmng rate of the magncnc stirrer was set using the external rheostat rathcr‘

Lhan the built-in control. This allowed bctr.cr control of the stirring rate and also bcttcr

n:produc1b1hty e o "»' o

-

* In effect the Macsym 150 had control over the followmg funcuons of thc overall

system.



Jable 3.1 Additional Connections Made to the Model 174A via Rear Panel Ampheno! Sockets

J-36 Access External Power Port:

" Pin No. Function = | Connected to
5 Ramp Control _ | DIO-100 via ODO-60 -
7 | cock | DIO-100 via IDO-16
10 Ext.tln hav Cell Connect Relay
12 15 V out | DIO-100 (inhibit signal to ramp)

J-37 Drop timer/Cell Connector

Pin No. | Function Connected to -

1167 | Ground Shielding: - -

12 Auxiliary Electrode To Ceil_v ﬁeléy Box




X Y Recorder

- Macsym 150

Micro

Model 174A
Polarographic
Analyzer

Computer

Imagewriter
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et ar

-Figure 3.1 Block Diagram of the Instrumental System
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SMDE

28



o J2
DIO-100 | | 3=

1 = ‘ ’ 21

22

OD 060
DC out put
N

B

L

3K - | J36 | PAR 303 SMDE
» : Z:
»-

AR Lpoac:

®5

RANE ¥ Sty

® 12

ID 016
DC input

115 VAC

10%

RHEOSTAT -

M AN S A e S S S e A

" 0A 140
AC out put
b ]

: MAGNETIC
: STIRRER

. Recordef CELL CONNECT
.t Outputs ; - RELAY

et

Y S Y VM A AN 8 NS e e i

- AIM-100

0

gX

1 *Y

,\.' . .&.mmoouo

PAR 174 A

AOT-100

1 S -

MACSYM-150 . X Y RECORDER -

Figure 3.2  Schematic Wmng Dnagram of the Instrumental Setup.

- ® . Only the maodifications to the cable supplied to connect Model 303 to Model 174 A.
C : (PAR Catalogue # 6020-0142-02) are shown together with addmonal

equupment connections.



1. Nitrogen purging

'2.Formation/dislodge of Hg drop

3. Cell connection /disconnection
4 Magnetic stirrer On/Off

5. Scan initiatdon/inhibit

6. Data acquisition

7. Data recording
8. Data printout

The Macsym 150 did not have any control over cell potential, stripping mode and
associated paraméters. These were controlled by the Model 174A according 1o the settin gs
of its}front panel switches. These conditions were ma‘nually set at the beginning of each
analysis, and were transferred to the Macsym 150 for the purposes of data processing and
record keeping. Nevertheless flexibility in the selection of timing cycles, taken together
with record keeping and data processing abilities, made incorporation of _'thc Macsym 150
into the s'ystcm a worthy addition. It'should be noted that except for the rélay box that was
manufactured at the departmental electronic'workshop, no other electronic modifications
w‘cre done. All instruments were tapped using their original and existing ports and no
modifications other than those defined by their manufz{cturcrs were performed. The final
interface between the three instruments, Macsym 150, PAR 174A, and PAR 303 SMDE, is
in the form of a single cable with three branches connecting to the back planes of those

three units.

3.3 Software for the Anodic Stripping System:

The final version of the main control data acquisition program, which was

develored over several years and was modified several times to accommodate new

requirements, is listed as DPASV in Appchdix 1.
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This and all other programs were written in MACBASIC (i.c. the version of Basic
specifically designed for and supplied with Macsym family of computers) which operates
under the MP/M 86 operating system. This operating system is a real time multitasking

“superset of CP/M 86. | o
. No atternpt was made to write any portion of the programs or parts of the programs
at more fundamental levcls to achieve grcatcr specd93 smcc dlffcrenna.l pulse ana1y51s itself
isa slow proccdure The maximum si gnal change rate possible with the Model 174A (i.e.
its highest clock speed) is 0.5 ‘seconds. The rate of data acquisition that can be realized
| 4using macro commands incorporated into Macbasic wcrve'yfou‘nd to be adequate to
accomplish the necessary data gcquisitioﬁ under these condjdon§.

The main control program, DPASV, was written as one compact program with

several interconnected sections for parameter setting, data acquisition, data recording, and

data analysis. Although the brogram 1s menu-driven using a main menu for function
- selection, the whole program is loaded and contained in the memory to avoid loadmg
operations. These might introduce unspemﬁed nmg delays during analysis runs, especially
during repetitions using a single solution pqrtiop.. Delays between successive repetitions of
a single analysis were cut down further usiﬁg mulﬁtasldn g, which allowed the initiation of
the second run while the data of the flfst_ Tun Was being processed and recorded.

The main sections of this program that merit detailed discussion are the analysis

<

section which controls deposition, stripping and data acquisition functions, and the data -

analysis section which performs peak identification and base line correction functions.

Figure 3.3 shows the flow chart for the analysis section. The analysis section can

be selected directly from the main menu or via a rcr;m option in Which case the data input
section is omitted and the values (for 174A settings and for such parameters as deposition
time) that are already defined and present in the memory are used. With j'cfcrtncc to Figure

3.3,AtoBisthe _mé,in purge section with purge time determined by user during data input
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From Main Menu

Y
174 A, 303 settings
Reference Data Input “purge, deposition and eq. times
A

Nitrogen Purge [~ Nitrogen on; stirrer on

B . v Nitrogen off; wait; stirrer off
N ‘ ’ g\\\
Dispensing a Fresh Hg Drop
A Deposition
C - Stirrer on; wait; cell connect
Record_oq . Y '
floppy

Deposition

"D Stirrer off ¢
Equilibration
E - Scan release

4 Stripping and Data

F ' éin disconnect; scan inhibit

Data Analysis . ‘k

— : G-
for additional runs
Y

Back to Main Menu

Figure 3.3 Flow Chart for the Analysis Section of the Main Control Program DPASV.



stage. The magnetic stirrer is also active during purging to allow better contact between
solution and the purging gas.

After purging is complete nitrogen is routed for blanketing via an appropriate signal

to 303 SMDE. The stirrer is driven for few more seconds to eliminate any gas bubbles that |

remain adhering to the walls of the é'el] or, with more serious cffects, to the electrodes.
During drop dispensing the stirrer is kept switched off and the first drop is
discarded. With a fresh drop, the stirrer is activated for a brief 1ntcrva1 pnor to the

’ apphcatlon of the deposmon potental. This accomplishes two objectives:

I It allows the solution flow within the cell to attain a steady state pnor to the

application of Lhe deposition potential, which initiates the deposition process.
2. It mixes the solution between multiple runs on the same sample.
Connection of the cell to the Model 174A automatically initiates the deposition

opemnon since the Model 174A initial potential is set at the deposition potential during the

data input stage. Settings and posmons of the Model 174A front panel sw1tches for a

[

typical run are listed in Table 3.2.
At point D in Figure 3.3, which is the end of the deposition interval, as spcciﬁed by

the user during dafa input stage, the Macsym 150 switches off the stirrer, allowing the .

solution to come to rest before stripping. This time interval, called the gquilibration time, is

also set by the user. At the end of the equilibration time, the potential scan function of the

Model 174A is ‘éctivated. One important factor in the above procedure is that deposition is

being carried out using a differential pulse wave form rather than a steady DC potential.
Theoretically in an ideal situatio 1Li. should not impose any limitations as far as the

deposition is cOncerned as long as the denosition potcntial is well away to the negative

33

direction from thc reduction potenu Y of the analyte. Under these conditions it is the flux of

matenal to thc elcctrodc which is governed by the diffusion properties of the analytc and
the snmng rate that determines the amount of enaterial being deposited. Howcvcr if some

other i 1mpur1ty is present that can get adsorbcd on thc surfacc of the electrode under the



»

Table 3.2 Settings on the Model 174A Front Panel Switches During a Typical Analysis

initial Potentia!

Sign -
" Volts 0
mv -800
Potential Scan
Rate 5 mv/S
Direction ~ +
Range 1.5
Modulation Amplitude 25 mv
Current range 2uA
Clock 18
Low pass filter off
>
Out put offset

Display direction

e off._
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deposition conditions with an adsorption potential within the range of potential change
(within 25mV of the deposition potential when a modulation amplirudé of 25mV is being

used) a change in the kinetics of the reduction process of the analyte can be expected

affecting the accuracy and precision of the analysis. But since pulse times used are quite

insubstantial compared to steady potcntialh times, 57.ms vs 1 s-(i.e. 6%), any dcgradétion‘
that can be expected from this kind of an intc?-fen'encc is minimal éompared to possibilities
of error from ixTéproducible stirring acvu'on that can arise from using a magpetic str bar.
However; the most signiﬁéant’ result of this éonﬁguraﬁ_On is a rapidly varying signa}
during the deposition time. Much of this yariati_bn ‘as depicted in Figure 3.4 can be expected

to result from current changes that can be associated with the changes in the double layer

arising from solution flow past the electrode. The relatively undefined flow conditions in

the cell when a stirrer magnet is used do not seem to disappear with iightcr control of the

stirring mechanism94. On the other hand, use of rétating_ disc elertrodes with well

documented and studied hydrodynamic characteristics does not seem to make a substantial

improvement in precision when compared with a stir bar system 31,

During stéps A to E (Figure 3.3) progress of the analysis is displayed on the
monitor of the corriputer together with the real time values of appropriate parameters such

as time elapsed and cell current. This allows detection of any abnormal situations or

mistakes without dcléy. At point E, the Macsym 150 display changes its usual format to ,

show a real time plbt of current against cell potential in a low resolution graphics mode.

Data acquisition, which comes into effect at f)Oint E, is performed using the Mo&el

174A clock sighal as a guid.c. After sensing the clock signal, ihe system waits for a

pfcdetcrmincd tme and then starts averaging the current and potential signals providéd by
the Model 174A, proccsscs them, and plotS them on the display before the next sampling
operation is initiated by the next clock pulse. Since at least 0.5s is available between two

sampling operations there is adequate time to maintain a dynamic display even though the

‘Macsym 150 has an internal clock speed which is comparatively low. It was found that
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t
performance dctcrioi’até&”"énd the system began missing every other data point when
memory spacc"was filled to a high level. This may due to the interference from memory
keeping or memory refreshing functions associétcd with a dynamic random access rncrnory
such as the one fonno in Macsym iSO. This pfoblcm was solved by rcmO\‘ring the source
code of the program from the memory using MACBASiC'S COMPILE command, which
reduced the memory usage significantly. One other possible alternative is to segment the
progfam and to use successive chaining. Howéver, this would increase the analysio time
due to the i’ntIOductvion of program loading opcrntions involving the disc drive and may
inroduce timing errors as mcntloncd ¢arlier and so was not employed. |

When the specified final potcnna] 1s rcached during the strippin g operanon the cell

is disconnected and scan.inhibit is activated, at which point the program branch ‘tinto

the peak reader section for data analysis. The peak reader section scans the acquired data

points to locate &hc: peak maximum point by comparing differences along the current axis at

data points separated by a specified interval. After locanng a maximuin point it scans

»

forward to locate the next rmmmum or plateau point which it labels'as the peak tail point.

Next a backward scan is done to locate the peak start point which is the minimum or plateau

- portion located immediately to the front of the peak. The line connccting tli'c” start and tail
_points is calculated, and the current value on this line at the point directly below the peak

maximum point is used as the base line correction.

Aftcf scanning the whole data set and locating and calculating all peak parameters |

(positions and heights ) all this data is recorded on a floppy disk autornatioall); if multiple

Tuns were to be r‘eoOrdcd and on dcvm‘and for single runs. This record file is named using a

combination of ana‘lysis-datc and the nnalysis numbcr allowing a flexible yet simple record
kccpmg system Any 1mportant information about the sample can be mcorporatcd into the
'samplc name, Wthh accepts up to 30 characters. The recording system also creates and
ma_m;amvrr INDEX file for each diskette which can be”acces_sed while the program
DPASV» is running. This was necessary since MACBASIC docé-,not provide a directory
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comrnand that can be used for this purpose. ThlS file also lists peak positions and peak

currents found for each voltammogram recorded in the d15k so it prov1des a means of ready

access to the data i m the dlSk.

.34 Harclwareal”roblems and Solutions

Most of the problems encountered during operation of the system were traeed to' the

‘ Model 303 SMDE. On the electronics sxde a high frequency noxse was observed in the
Model 174A output ports ( banana sockets ) ‘whenever it was connected to the SMDE It
was suspected that the built-in frequency generator of the SMDE was nesponsible but since
this problem was msolved upon addition of two capac1tors to the-Model 174A output ports
no modifications or repalrs to the Model 303 SMDE were attempted

The Model 303 SMDE is _equipped W1th a Ag/AgCl reference electrode which

- consists of a Ag wire that extends into the cell holding plastic block and glass sleeve witha

Vycor plug which serves as the electrolyte holder. The usual internal electrolyte is a
solution of saturated KCl (or 4M KCD that is saturated with AgCl Though this
arrangement works sat1sfactor11y in many situations, leakage of chloride ions through the
Vycor plug was found to be substanttal. Since chloride ion‘forms complexes w_ith many

metals, it can be expected to interfere with equilibrium concentrations of metals in low

. concentration solutions such as those used for anodlc smppmg analysis. ThlS effect w1ll be

dlscussed in more detall in Chapter 5. Further contamination of the sample soluuon from

%rmes that can leak out around the silver wire or the glass sleeve is also a
k rb-w
e

#. This built-in reference electrode might be a drawback in usmg the Model 303

ol':anodlc smpplng analysis at ultra trace levels.

In the work reported in this thesis an external calomel electrode was used as the :

reference electrode. This eleétrode was connected to the’ cell via & glass salt bridge .

compartment with a Vycor junction inserted through the side access hole. This salt bridge

contained a solution of 2\ 3 for most of the work. A specially constructed salt bridge
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tube and a calomel electrode for this purpose is also available from Princeton Applicdv

Research Corporation (catalogue no. KO 154 and KO 077). |

The intemal reference electrode vof the Model 303 SMDE §s routed to the Model
174.A via a voltage follower circuit built into t'hc Model 303 SMDE. This follower does not
seem to serve a useful purpose since the Model 174A has adequate input impedance built
into its reference elenuode inpu; line. This‘ follower can be by Bassed either ‘by connecting
thc‘ reference electrode directly to the Model ‘174A input pointﬂ if an externally inserted
electrode is being used or by connecuu:g the Model 174A cable to the back plane test point

of the Model 303 SMDE if thie built in reference is being used. No change in performance

was observed upon disconnection of this internal follower but the majority of the data was - -

& L - - g

collected with the internal follower connected, since it was decided to use built in

connectors whenever possible so as to-reduce the number of connections and cables which

" constitute p0531blc noise SQurces

. One of the mam problcms with the Modcl 303 SMDE ..lectrodc was caplllary
failure. Though the capxllary geometry has been 1mprovcd and changed, useful hfenmc of a
caplllary was found to be a hi gh]y inconsistent vanable dependmg upon the capillary. Since
capillary rcmovaJ and reinsertion is not a trivial operatlon as suggcsted in the operaung
Instructions, and since it also exposes the operator to metallic mercury with a high
nossibility of mercury spills, this was found to be an annoying disadvantagcA of the Model

303 SMDE electrode. Fortunately keeping the capilla.ry tip inserted in mercury when not in

use as suggcstcd'by one of the mény PAR advis‘bry notes was fdund to extend the capillary |
life significantly while leaving it in water as sug\gcstcd l;y the instructions supplied with’
, new ::api]Jarics yvaéra cdmplete failure. |

\ Wifh a propcrly functioning capillary, rcproduétion of“the. mercury drop size was

~ found to be sam:rfactory and at the lcvcls suggested by thc manufacturer. This was checked

by collecting ﬁve mercury drops into P wcxghcd glass Is and by obtaining the weight of
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mercury. Six vials were used for each drop size and the Wholg procedure was repeated

once. Results of this study are presented in Table 3.3,

' ‘:3.§ Pel;fox;mance Evaluation
: This integrated system is éapable of analysing a given solution portion up to nine
times consecutively with the cépability of analysing up to ninety-nine siamplcs per day if
time permits. These limitafions are not inherent in the mcthc;d but are imposed by the

recordkeeping procedures. After each analysis ( i.e. after the completion of the specified

. number of runs for a single solution portion), the system prints out a results sheet showing-

“all the peak positions and heights. An example of this output is found in Figure 3.5.

Another auxiliary program, DAPLOT, can be used to obtain a'rough‘ sketch of the.,

stripping curves as shown in the lower portion of Figure 3.5, via the Apple Iinagev/rite‘r.
Using an XY recorder a better output can be obtained for any of the curves recorded on a
diskette. Q&

‘The systém was tested by estimating the background signal level for cadmium
l;r.oduccd by double distilled water acidified to pH 2 with nitric acid using a standard
addition procedure in the range 0.01 to 0.05 ppb. The background signal. pfoduced was
estimated to correspond to a cadmxum level of a:t’xeghglble O 033 Ppb. This can be either a
true signal ansmg from cadeum orit can be due to background anomalies and electronic

- noise. Deposition time used for this analysis was ten rmnutes.

A calibration curve consqucted using solutions comalmng Cd and Pb togetherin a

smgle sample solution in the range 1 to 5 ppb showed good linearity throughout the entire

range of concentrations with a deposition time of only two minutes. The regression line for

cadmium und:r thesc\condjtions was found to be Y = 1.79 x 10-3 + 0.02677X ;,vith a

correlatior. coefficient of 0.9995 and fbr lead it was Y = -6.85 x 10'3 + 0.01569X wnh a

correlation of 0. 998 So these condmons will give a sensitivity of about 0.03 pA/ppb for
cd and about 0.02 uA/ppb for Pb.

-

Ay b
.,-'“"‘,J
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DATE mon/da/yr : JA 08 1987

SAMPLE ho:0} | : :
SAMPLE . name:CSSM100-06 DILSD 22DE86

=

INITIAL'POTENTIAL . (V):-.8  FINAL PETENTIAL  (W):.4.
| SCON RATE  (mW/séc):S  SCAN RANGE . (U):1.5

MODULASON (M):25  CURRENT RAWGE *  (uA):l
CLOCK (sec):i DROP SIZE" M
. CONCENTRATION  ~ (ppb) :0 PURGE TIME (min):10

DEPOSITION TIME (min):2 - EQUILIBRATION (min):.2
PEAKS FOUND . o o :
position(V) height(uA) position(V) height(uA) position(V) height(uA)
RN T

-.311719 .242469 . :.1375 .498635 0 0
~RIN:2 B L '
-.306836 .208208 © .142383  © 62951 0 - 0 -
RIN3 S o
-.306836 .203918 1375 .590559 0 0
-.304836 ~ .212183 - ,142383 .412852 0 0
RUN S S : ( g 4 '
-.304836 206614 . .1375 .. .56251. O 0
JA 08 - 1987 SAMPLE=:01 ~ CSSM100-06 DILSO 22DEBé

4

-t

s

Figure 3.5 Typical Data Output from the Instrumental System

>
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For the above calibration a series of solutions prepared by diluting 1000 ppm stock

standard solutions of cadmium and lead were analysed. A single five ml portion was

" analysed three times. This process was repeated on three portions to give nine data points

for each concentration in sets of three points. Precision of these analyses were better within
a set of runs , i.e. with a single/ solution portion, but deteriorates when the data is pooled
together to calculate overall va]ues. Though it was not clear from ‘thc data available, some
form of a slow equilibration process between the solution and the cell may be rcspbnsible
for the this deterioration. Cadmium shows relative standard deviations for pooled data
ranging from 2.5% to just above 5% while Pb data ranges from 8% to 15% (Tables 3.4
and 3.5). | | | '

These levels were found to be comparablé.with the precision levels for anodic

- stripping determinations reponed.by various authors as presented in Table 3.6. The poor

performance of the lead ahalyr‘ses should be viewed as more acceptable due to lower

“concentrations compared to cadrrﬁ'ﬁ}n.'At the 1 ppb level, cadmium solution is 8.896x10-9

- mol. L1 while lead is orily 4.803x10-9 mol.L-1. Relative signal strength does not show

this difference clearly because of the separation between lead and cadmium peaks which

allows more lead to be deposited while cadmium is being stripped. Diffcrcnccslin complex

formation behaviour also can play a part in this which is‘discuss'cd in Chapter 5.
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JTabie 3.4 Data for Calibration Piots
Cadmium Lead
W C&% Mean Peak | Std. Dev. | RSD (%) | Mean Peak [ Std. Dev. | RSD (%)
{ppb) | height - (LA) height (HA)
T (BA) : (HA)

o.'o% 0.0004 2 0.0201 0.0003 1

4 0.02 0.0002 0.7 0.0262 0.0006 2
0.0276 0.0006 2 0.0281 0.0016 6
0.0549 | 0.0030 4 0.0356 ~ |0.0013 4

> 0.0541 0.0030 - 6 0.0381 0.0005 1
0.0593 0.0003 0.4 0.0448 0.0021 5
0.0827 0.0013 2 0.0506 0.0038 7.

5 0.0814 0.0001 0.1 0.0528 0.0012 2
0.0853 0.0018 2 0.0585 0.0007 1
0.1008 | 0.0015 q 0.0621 0.0015 2

4 0.1049 0.0018 2 0.0628 0.0009 1

‘ 0.1141 0.0006 0.5 0.0734 0.0007 1
0.1275 | 0.0021 2 0.0700 . |0.0008 1

5 0.1427 " | 0.0010 0.7 0.0824 0.0020 2
0.1325 0.0042 "3 0.0797 0.0018 2




W

“ o

Table 3.5 Pooled Data for Calibration Plots

<3
Cadmium -béad
Concentration - __

Peak Ht. ' | Std: Dev. '| RSD [ Peak Ht. | Std. Dev. RSD

(Ppb) (uA) A L) | (A (1A) (%)

1 0.0271 | 0.00073 3 0.0248 | 0.00373 15

2 0.0563 | 0.00290 5 0.0395 | 0.00431 11

3 0.0832 | 0.00204 2 0.0535 | 0.00422 8,

4 0.1096 | 0.00418" 4 0.0661 | 0.00556 8

5- 0.1343 | 0.00712 5 0.0774 | 0.00579 7
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Jable 3.6 Literature Data for Precision of Anodic Stﬁpping Voltammetric Determination of
: Lead } ,
v - //
Mode of Analysis| Electrode Concentration | Precision reported Reference
, RSD (%
(pPb) (%)
L | %

Linear Scan HMDE 1000 - 10 3-6 . Sinko and Dolezal (95)
DPASV TEME 1.8 29 » Copeland et al. (34)
DPASV HMDE 222 0.08 Valenta et al. (96)

, 2.3 2

' 0.05 8
DPASV TFME Valenta et al. (51)
DPASV HMDE

Seelig and Blount (97)
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Chapter 4 3

Experimental Procedures [

" a1 I%troduction, |
This chapter lists‘aihe Amlorc .general cxpcrimcntal pr%cdurcs used together with

infomiatio.n regarding ¢ BT 'c'als and o&)r rcagcnts Smce%; work described in this thesis

Ry scful 10, collect all the expegmental

o

procedures mtoﬁ)nc chapter Thcrefore some of sc1ﬁé’ dei s of the cxpcnmemal

covers a wxdc area u is dlfﬁgcult anq,msg.

- results and relevant

discussions.

4.2 Collection and Preparation of a Referghice Soil Sample | o .

In ox;der to evaluate the use of -anodic stripping methods for the analysis of trace
metals in soil\s\and to develop a digestion proccdurc fo® this purpose a bulk soil sample
was requucd Such a sample was preparcd by collcctmg a large soil sample and processing
this sarnple into a standard sar;)ple for local’use.

A large sample of soil (~ 5 kg dry weight) was collected from the backyard of a
~ house located at 11736 - g3rd Avcnue-, Edmonton, Alberta. A location was selected at
which grdss was growing and where no specific agricultural or other cultivation practices
had been carried out for at least ten years. Care was taken to collect only the top soil
excludipg the grass, vegetation, and roots that abounded in the topmost layer. A steel
garden shovel was used for this purpose but soil that came into contact with the shovel was
discarded to avoid any con_tamih.at"ion from the shovel. Samples were collected in
. polyethylene plasiic pails which had been preclea.ncd with an overnight 10% nitric acid ,

soak. The collected samples appeared black in colour. Two pails of soil were collected and

in all subsequent processing these two samples were érocesséf separately.
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The samples were dried overnight in an oven kept at 300C after spreading over pre

cleaned aluminium foil. An initial sieving of the dried samples with a number 10 mesh

stainless steel sieve was carried out to remove larger stones and other large formgn man% ‘

During this proccss any lumps formcd during the drying stage were crushed using a mortar

and pestle but no hard grinding was attempted. Only a very small fraction of each sample

. (~20g) was discarded as large stones and plant debris that could not pass through a number

10 sieve. The presence of many small root parts such as secondary and capillary- roots of

small plants was noted; most of thege passed through the sieve due to their short wire
shape.

| 'Shbscqucntly the samples were resieved through a number 25 mesh sieve with

grinding. The portion that had to be ground was about 15g and represented :;very minor

. fraction of the sample. An ordinary blender (Osterizer, Cyclotrol-ten) as well as a gn’ndihg-

machine (CRC Micro Mill, The Chemical Rubber ch>., Cleveland, Ohio) was employed for

this operation. Care was taken to avoid overgrinding by keeping the grinding durations
short with frequent cooling gkriods. Using sirnilar operations and'machinsry one Sf the 25
mesh samples was ground down to pass through a 100 mesh sieve. After thesc operatlons
the samples were mixed thoroughly by turning them over on a large precleaned
polycthy]ene plastlc tray with the aid of a precleaned polyethylene plastic scoop. This
operation was done repeatedly to pnsure uniforrh mixing. This step was followed by
sectioning the sample and storing in acid leached (50% nitric) one liter size glass jars v;'ith
- paper and vinyl lined phenolic plastic lids. |

| - A dry sieve analysis was carricd ouf on50¢g subsarnplés of the 25 mesh sample
removed aftcr the mixing operation to determine the approxunatc distribution of thc

particles in the sample. This was done cmploymg a set of standard stainless steel sieves

(Canadxan Standard Sieves, W. S. Tyler Co. of Canada Ltd.) and the rcsults are presented .

in Table 4.1 together with appropriate statistical ana1y51s
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Jable 4.1 Sieve Analysis Data for the Reference Sample.
A 50g sample was used for each run.

Q,
: Si'eve size Retention as a % of
R sample weight *
(mesh no.)" i - —
: JJRunt | Run2 Run 3 Mean
40 18 W7 17 17.3(17) |
60 19 19 19 19
80 11| 1 11 11
100 5 5 5 5
]
140 7 7 8 7.33(7)
170 5 5 5 5
T e
200 4 4 4 4
325 10 10 9 9.67 (10)
bottom
plate 21 23 22 22
(-325)
Total 100 | 100 101 100.33
iR

* Rounded off to nearest digit

48 %

32%
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The two samples collected ongmally were not of equal swc conscqucntly the 100
mesh sample accountcd for only three bottles, while thc 25 mcsh samplc accounted for
clght botdes. For all subsequent analyses at the 100 mesh level subsamples were taken .
from a single botte after mixing its contents end-over-end ovcrmght ona rotanon machine.
These subsamples were usually about 20g in weight, and were collected by ﬁllmg a clean
dry weighing bottle with the soil from the top of the storage bottlc soon aftcr the rotatlon
opcrauon A clean, dry Teflon covcred spatula was used for this purpose. Wcl ghmg bottles
contammg samplcs collected in the above manner were kept in an oven mamtamcd at
100°C overnight and cooled in a desiccator over anhydrous calcium sulfate (Drlente W.
A. Hammond Drierite Company, Xenia, Ohio) prior to the wmghmg out of the analytical
. samples. Use of a weighing bottle for the sample was found to be neces\%sary because of the
weight changes that were observed upon exposure to room atmospltcré, arising from the
absorption of moisture. On the average an increase of about 0.17% was noted, which
‘introduces an error'close to 2mg for a one gram analytical sample (sample size used in open
beaker digestions descn’bccl’in subsection 4.5.1 ) if an open weighing procedure such as
we(ighing"'boa.ts or watch glasses were used. Weighing bottle‘s also offered the added
advantage'; of taking only one weight measurement per Sarrtple in aws,erial sample weighing
operation.’ ‘ B

During subsequent digestions ( results reported m C,hapter 7) the 100 mesh samplé
- was found to be unsatisfactory in terms of precision indlaadng possiblc problems arising
from 1nhor5mgémty of the sample. To overcome this problem, a portion of thc 100 mesh
samplc stored in a sccond bottle was sieved through a 200 mesh sieve to remove largcr
. ?parnclcs The resulung 200 mcsh sarnple was mixed using rotauon as dcscnbcd in the

‘-I i

previous paragraph and*w‘ds used in thc same manner to obtam analyucal samplcs

-

T,
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Standar;iR ference Soil Samples

-Fgr the purpose of testing the accuracy of the tcchnique.'ccrriﬁed reference soil
samples, SO-1 and SO-2 issued by the Canadiah Certified Reference Material Project98
were used. These samples were kindly provided by Dr. Byrr)n Kratochvil. Fi_gure 4.i
(Certification Sheets for the samples used) gives the compositienal and other relevant

information for these materials. |
Accordin.g to referenc® 99, certiﬁed values have been calculated by using values
reported by thiny~t§vo laboratories using various analytical techniques. None of these
| laboratories used electrochemical techniques. Specific information mémding the certified

A

value of lead in these samples is presented in Table 4.2.

4.4 Reaaems and Chemicals ) o

4.4.1 Water , -

Any trace analysis system that deals with aqueous solutions must have acgess to a
reliable water supply‘of. \;'ery high purity. Purity of water.can be measured and exp?"essed in"
vanety of ways, the most common one being the spemﬁc conductlvnymo However
conducuvny measurements are not a valid criterion for the measurement of water purity in
traCe araralytrcal apbhcauons On one hand this measurement, Wthh depends solely on the
number ofrcé_r:lducnng ions in water, cannot indicate any contamination due to

nonconduc’ting organic-impurities. On the other hand, contributions from trace level metal

; -sasgyrities to the overall conducnvxty are- masked by the high specific conducuvny of H*

a
,.«”sae 3P

%gngH ions. At pH 7 where ‘the concentranons of H* and OH- are minimum, the
i 'conductrvrty due to these ions is O 0548 pmho/cm; while the conmbunon from Jead as lead
chionde is only 0. 0016 umho/cm at 2 10ppb level. With the conmbuuons from dissolved

carbon droxrde and oxygen, conducuvxty measurements may fail to detect trace metal




REFERENCE SOIL SAMPLE SO-1

CERTIFICATE OF ANALYSIS

{
H

Recommended Values 2 95% Confidence Interval

-

83 25.72 & 0.22% . Ba 813 a 87 ug/s
A 9.38 & 0278 . . Sr 328 . 29 ve/e
Fe  6.00 * 023  °  cCr . 160 15 /e
X .2.68 & 0.083 2n W6 & 5 e/
Mg 2.31 ] 0.11% . v 139 t 8 w/e
Na 1.97 # - o0.088% o 139 12 we’E
Ca 1.80 0.07% NL 9 7 /8
T 0.53 4 0.02¢ Cu 61 ‘s 3 e/t
c 0.27 = 0.03% ‘ Co | 32 s "3 /8
Mn 0.089 *  0.003% . “Pb ’ 21 e v ug/g
P 0.062 _* _ 0.0108 Hg 0.022 _ *# _ 0.003 8/g

'REFERENCE SOIL SAMPLE SO-2

! CERTIFICATE OF ANALYSIS

&

ey

" ‘Recommended Values # §5% Confidence Interval

sS4 2b.99 &  0.238 . Sr 340 s 50 ug/g
A .07 = 0.18%8 Zn 126 e S W/t
Fe 5.56 &  0.16% - o 78 e 6w/ :
K 2.05 = 0.048 : v 6u . 10 /s
G 1.96 = o.108 rn 21 » X /g
Ka 1.90 4 0.05% Cr 16 - 2 we’g
11 0.86 &  0.028 o 9 e 2 wie
e 0.54 s 0.03% o TON 8 . 2 v/t

P 0.30 *  0.028 cu 1 w/e
™ 0.072 &  0.002% He - 0.082 &  0.009 wg/c

. Be_ 966 . 67 ik ‘ '

»

{ - FEigure 4.1 Certification Sheet for Certified Standard Soils SO-1 and SO-2.

—
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Igglgﬁd.g Lead Data for Certification of Standard Reference Soils
SO-1, SO-2 (from reference 98).

3

| Pgigmeter SO-1 ‘ SO-2
[} ’.'. .
n 194 193
mean 2 |2
low 17 17
95% CL
high 24 o4
Spread % . 36 -34
V% 13.8 13.0

n - number of results . _
mean- overall mean lead content (ppb) z
CL - confidence limits :
- Spread % - 95% confidence mterval Aas a percentage of mean
Cv - average within lab coefficient of variation
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1mpun§1cs even at the 100r-b level. This amblgmty with respect to the. ji‘cvcl of punty
nccc351tates direct measurer-snt cf the impurity level of th,f: watcr using the anafyucal

method in which'that water is going to be uscd Aftcr analysugg“’&c\zcml pure watc; sources
5
available in the Dcpartmcnt of Chemistry, it was decided to set up a d1snllat10n still to

't

B
redistill water available through the dcpartmcntal bulk dxs:’gfllatlon process. Thc watcrj
."

 available through the dcpartmental bulk distilled supply is referred to as "hnc dlsullcd
" h’ : .o

\r

-’.‘A: )

i
<
vy

water"” in the following discussion.

i;‘

P
S

This decision was partly based on fhc resources available, smccscme }ciomlﬂé:";figl a ,
canridge puﬁﬁcation systems were fbund to be cd:flally effective in rcdﬁcinZg.ira"c"g ‘fhctalv
impuﬁﬁes to a level léw E’r’xggg},uo be used in anodic stripping analysis. In thﬁ; case of tra;:é .t

;F;g;netal analysis the pure water requircmcms include a large amoﬁnt of water that is used for B
washing and cleaning purposes ih\ addition to wh:;.t is required for solution preparation.
Alkaline permanganate disnllatlon of line dlStlllcd water was found to be more economical
‘and convenient when all these facts were considered, but more 1mportant1y, it was a
procedure which could not introduce surface active organic matcnal which might affect the
anodic stripping measurements. It should be noted thgt(élcctrochermcal procedurcs do not
require the rchvaJ of alkali and alkahnc earth metals from the water used in sample:
préparatigp. In fact an clcCUocoagulation puﬁﬁcatién method that removes heavy metal
impurities vi; precipitation and adsorption onto iron hydroxide precipitates has been shown
to be effective in producing ‘'water of sufficient purity to be used in anodic stripping
apphcanons101 |

The distillation unit consmcd of a 12 L three neck round bottom flask connected to -

a vcrtiqal fractiona;ion column and a water cooled Liebig condenser. A Glascol heating
mantle (Gl‘ascoffhpﬁax;é;tﬁs Company ) with two heating coils rated at 650 w each was used
as the heat 'sémééf.Poiizéthylcnc containers (precleaned with a 10% nitric acid. soak fora
week) were used to collcct and store the dxsullate An automatic relay switch (Precision

Sc1ent1ﬁc Company) was uscd to cut off‘thc power to thc hcatcr co1ls at the cnd of each



L

distillation operation. This was done by cutting off the power to the heater coiléfwhenever
the liquid level in the main flask fell below 1.5 liters.
In order to obtain saUSfactory performance from this dasullauon setup it was found

that it is necessary to carry out the dlsullanon at a very slow rate. In a dlgnllauon

. purification procedu:e, lonic impurities are transferred from the distillation flask to the

receiver as splaghed out particles and also via a quuid"ﬁlm that can exist on the walls of the
tabing (i.e.. the column and the condenser) that conriect the distillation and receiver flasks.

Ionic salts are unlikely to transfer via evaporation under the conditions that exist in the still.

Splashing, which produces solution droplets that can_get carriéd over, results from the

boiiing' action which produces steam bubbles that burst on the surface of the water body..

Heat directed fron; the,bottom and sides of the flask sets up convective currents and
produces"vapor cavities irT the liquid layer that is in direct contact with the surface of the
flask as a result of low thennal conductivit‘y of water. This process leads to the bubbling
action. { | ‘

Sub-boili_n g distillation, which is the most advanced purification method available,

1s also based on this simple fact102_ In this technique the liquid is heated from the top

using an infrared radiator to evaporate the surface liquid layer without disturbing the

surface. The ideal situation for distillation purification is one in which there is no macro

#iow, that is, an equilibrium systgm. This agn be ;eaiised, for more volatile substances like

acetic acid and ammonia, in an isothennaj distillation. -
Output of a slow dis;i}_}ation system can be increased to some extent by increasing

\
the surface area available for'th¢ evaporation to take place but with a corresponding increase

in the volume of the apparatus. In the distillation setup used some form of msulauon from

paruculate or aerosol transfer was offered by plac/mg a verucal fracnonatlon column dlrectly

above the distillation flask. Thl_s column can be filled w1th an inert granular material such as

glass beads to increase resistance, provided they. are precleaned. Use of an open column

with baffles or notehes; on the other hand, was found to offer mofe flexible control dver
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distillation rate via the amount of heat applied to the distillation flask. Heating coils on the
heater were operated via two Variac controls (Ohmite Manufe’cturing Company). All
exposed parts of ths‘ W:‘columu were insulated with fiber glass wool insulation
covered with aluminlum foil to reduce radiative losses. This allowed the distillation to be
carried out at a’'low power consumptron rate. The first one liter of the distillate was
discarded and usually this part of tlﬁe distillation was carried out at a higher heating rate.
For the rest of the mst1lla&n alower heating rate was used. Variac settings selected after
- several trials were SOV for the top heating coil and 60V for the bottom heating coil. Initial
' heau'ng and the distillaton of the first liter of water was carried out at 80V for the upper coil
and 100V for the lower coil. With these heatingra’tes, distillation of one batch (amounting
to about 10 liters of water) takes between 12 to 16 hours.- The lead level of the water
produced was found to be below 0.03 ppb upon acidification with ultrapure nitric acid to
* pH 2. Unless speciﬁed otherwise all aqueous solutions cited in this thesis were prepared
using water prepaxed by this purification procedure.‘ /
442 Potassium Nitrate Solutions and'Acetz‘ite Buffer
These reagents were purified \‘/ia' bulk electrolysis 'u’sin.g large volume cells
Aqueous reagents were electrolysed usmg a cell w1th a mercu‘ry cathode and a locally
constructed large volume calomel elecfrode as the anode The potenual of the mercury pool
was kept at -1.4%" vs the calomel electrode A slow anfl contmuous stream of deoxygenated
. and water saturated mtrogen was used to deoxygenate as well as stir the solutlon .The
potass1um nitrate soluuon had a nomiral concentrqtlon of 2M to avo1d crystalhzauon The
acetate buffer had a nommal condenu‘anon of lM in sodaum acetate and acet1c acid.
A set of six D size dry batteries was used to supply the -necessary potentlal for these
as well as for the mercury purification cell Cells were connected to the power supply vig a
simple circuit that contamed a potentlometer that allowed setting the operational potential at

a desired level, an ammeter and a voltmeter connected via sw1tches to select the appropnate

| cell. The electrolysis process was allowed to proceed for about a month before using these

-
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reagents for analytical purpo,ses.\Lead and cadmium coyl:emrations in these purified

. reagents were found to be so low as to be undetectable under the conditions used for the

&

analysis of dlgested soil samples

4.4.3 Mercury

Q:I“riple distilled )mercury was purified by electrolysis before using it in the 303 -

SMDE. The mercury purification cell was operated using a potassium nitrate solution with -

mercury at an anodic potential of 0.3 V vs the calomel electrode. A continuous and a slow

stream of air (filtered throu gh a glass wool plug) was passed through the fnercury pool by
_applying a rnild vacuum to the cell This continuou-sly agitated the mercury pool and also

malntamed the aqueous solution at an oxygen saturated condmon accelerating the oxidation

of 1mpuﬁty ‘%ﬁ solved in mercury. |

4.4.4 Pota%smrn Chldmde
| Potassium chlonde used as sall bridge and calomel electrode fillin g solution, was
purified through recrystallization and crystal adsorption28. ThlS depends on the ability of
the crystallme prempltates to adsorb trace cations that have an ionic ra%s similar to that of
the ¢ation of the predominant crystal phase. Lead, cadrr;um and thallium traces exist in an
adsorbed state in the presence of excess potassium chlgnde Other metal impurities such as
copper and zinc are held in the solvent phase.

A saturated solution of potassium chloride was prepared by dissolving an excess of
the salt in warm water Ekcess salt was allowed to crystallize under turbulent conditions by
stirring¢the’ solutroan conﬁnuously ona magneuo stirrer. This ensured the formation of small
crystals resulting i m a large surface area for adsorptlon to take place Supernatant liquid
was filtered and was concentrated through evaporann it was then cooled slowly without
stirring to produce the final punﬁed product salt. This salt was filtered, washed, and used

to prepare the potassium chloride solutions that were usved in the salt bridge and the calomel

electrode.
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44.5 Acetic Acid | | v
Reagent grade acetic acid was purified using isopiestic (or isothermall)

distillatien103'104. An open beaker filled with acetic acid was placed in an acid cleaned

glass desiccator togefher with two Teflon beakers containin g water. Approximatei); M

acetic acid ( as determined from an acid base titration) was removed after about five days.

The concentration of the resulting acid solution depends on the volume ratio of the water

and raw acid solqtion103v105.

This simple process was found ,th,gduce the lead signal of 0.1M acetic acid
N

solutions to an undetectable level under the analytical conditions used for the analysis of

digested soil samples. = S ’

4.4.6 Nitrogen

2

- Tank nitrogen was purified by bubbling it through. an acidified vanadium (II)

o chloride soluﬁbn that is in equilibrium with zinc amalgam106 followed by a washing tower

containing water to remove traces of oxygen.
4.4.7 Ultra Pure Chemicals

' Suprepur grade nitric acid and sodium hydroxide were ‘obtained from MERCK.
Hydr.oc':hloric acid of "high' purity" grade was obtained from FLUKA. Redistilled
perchloric acid (G. F. Smith Chemical Co.) was used in the digestion operations. |

4.4.8 Standard metal sdlutiens

Standard 1000 ppm stock. solutions for lead and cadmium were prepared from

correspondln g reagent grade salts and were stored in acid leached (10% mmc) polyethylene

bottles. For lead 1.6g of lead nitrate was dlssolved in 50ml of nitric acid which was diluted '

to one liter. Cadmium stock solution contained 2.04 g of cadmium chloride in one liter
together with 50ml of hydrochloric acid. ~ * -
These stock solutions were diluted to obtainﬁ’\,,\'/ovrjking standards, uSually of 5 ppm

~ inmetal and 0.01M in nitric acidzon a daily basis.
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4.5. Volumetric Ware and other Apparatus

| Plastic (polyethylene, polypropylene and Teflon) vessels were used whenever
possible to avoid contarnination from the leaching and adsorption pnenomena of glass
contamers These were cleaned via acid leaching (10% mmc) followcd by r&eated
washmg with water to remove acid traces. Teflon containers used for digestion were

;- occasionally soaked in reagent grade concentrated nitric acid to remove dark colored marks

~on the outer walls. These marks result from charrmg of the flnger marks durmg the' :

digestion operation. In the instances where the glass volumetrrrﬂasks were used they were; B

A
cleaned by leaching in 1:1 nitric acid and were equrhbrated wrth Ihe solunons they were to‘

soluuon was prepared after discarding the initial solution without washmg the flask Gla:ss .

4‘4
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ontam This was done by allowmg the solution to stand in the ﬂask overmght A new‘ ‘

volumetric flasks were used only for drlut1on of stock standards preparanon ofr P

background electrolytes and dilution of acids. They were never used.- for storage of

'soluuons
4 C\

-On some occasions glass volumetric flasks were used for serial dlluuon of standard :

) soluu@ J #4 this case partial filling of the flask with water with or thhout added acrd pnor '

Y dty
to the addition of the metal solutron was found to be more satrsfactory D1rect addmon of a

N

small volume of a concentrated metal solution into an empty flask (even after a pnor

equlhbrauon) resulted in metal loss, presumably via adsorption on the walls

" The usual glass cells supplied for the Model 303 SMDE were replaced by Teflon ™’

cells from the same manufacturet (Princeton If?lied Research Corporation,_c_atalogue no..

‘GO 174). Thoughs glass cells.can be used

inconvenience, with low concentration solunons even these procedures resulted in erratic

ith prior equilibration with considerable“

results At the 10 ppb level a S5ml solunon portion left overmght ina glass cell was found to-

lose almost all the lead it contained. Not surprisingly glass cells used for lOOppb level

analyses leached out a consuierable amount of lead when soaked overnight with water. The
1. “ .
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oﬁly disadvantage with Teflon cells was their opaqucne'ss that hinders observation of the
state of the hanging mercury drop during the analysis. &5@ |
Teflon coated stirrer magnets (stir bars) were obtaineé from Belart Products
(Pequ'annockv, N.J. ). These were micro size stir bars (10mm X 3rhr:). Sincs Teflon is
permeable to gases continuous use of these Teflon coated stir bars in high concentrations of
nitric or hydrochloric écids can lead to rusting of the mégnct and also rupturing of the

Teflon coating as a result of rusting. A rust spot develops 4t a damaged point after

bvemight soaking in water. This was used to check for damaged stir bars.

4.6 Digestion Procedures

- The following sections of this chapter describe the experimental details of the

digestion procedurés used. In all of these procedures, acids and other chemicals used were

of ultrapure quality except for. hydrofluoric acid which was of reagent grade.

vPolypropylene volumetric flasks as well as polypropylene storage bottles were used in

héndling‘digested sample solutions. Samples were weighed either on a Mettiér AE 160
eicéqénig balance that reads to tehth of a milligram or on a Mettler H51 balance that can
read uf)'to h'undrch:vdth of a milligram.

| . All temperature valueé are approximate, except for the oven temperatﬁres for the
di gé‘sjﬁons.vcalﬁcd out using Teflon hned steel bombs. Open beaker digestions were carried
out on hotplates éaJibrated using a thc_rmometer dipped into a sand-filled beaker. These
calibration cﬁ_rves as well as heatin.g and Cobling rate curves were used as guides in timin g

and planning the described digestion-operations. Open beaker di gestior{s that use perchlbric

-~ acid were all carried out in a stainless steel special perchloric acid fume hood that has

washdown as well as independent fume exhéust» provisions.

4.6.1 Open Beaker Digestions

The first method tcsted'was' an 'dpcn beaker.digestion method which could give a

‘total dissolution of thc‘samplc. vThivs'«.\%a}s to be used as the basis or the standard for

/
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* evaluation of the merits and demerits of the other procedures. Preference was given to a

perchloric acid digestion procedure because it will résult in a low organic residue.

Perchloric acid digestions with a final evaporation ',st’ep' have been used in the analysis of

biological samples with, anodic .stripping analysis and have been found to give good i ’:

results107, After considering several hterature procedures mamly developed for the

ana1y51s of trace metals in soils and sedlments by atomic spectroscoplc methods, the

- prodedure described in the manual on soil samphng and méthods of analysis pubhshedby
the Canadian Society of 8011 Sc1ence108 was chosen for IhlS purpose The method as
descnbed in the above reference recommends the use of one gram of soil with a mesh size

of 300 or below, which is dlssolved using HNO3, HCIO4 and HF to result in-a final

solution having a volume of 50ml which is a solution of metalhc components of the sample
in a 0.5M HNO3 background This method has been deveIOped by Desjardins after
con51der1ng three reponed methods for the total dlgesnon of soil samples and has been
employed in a major survey to assess the mmor elemems In Canadlan 5011380
This procedure is listed below in a stepwise manner. : ‘ |

1. Weign one grzim of oven dried sample into ‘a lOOml Teﬂon beaker.

2. Add 20ml concentrated HNOg3, cover, boil gently-for 1/2 hour (100 - 150 0C).

- Cool. o , .' | h |

3. Add 20ml concentrated HCIOy4, cove‘r,' boil gently for 1/2 hour (200 - 250 ©C ).
Cool. _ | |
4. Add 20ml of concentrated HF, cover and heat for 1 hour at 80 OC.
5. Remove covers and take to near dryness (250 0C)
6. Cool and wash down walls of begk'er with 25ml f 1M HCI or HNO3.-
7. Cover and bring to boil.

8. Cool and make up to 50ml in a volumetric flask with double distilled water.
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iprmedme was designed for atomic absorptlon analysis and was employed as
‘ 0’\ v’u

described Wuhout major modifications. The only change was to use a 100 mesh sample

'1nstead of thérecommended 300 mesh level. This decision was partly baseg on the

the silt and clay fraci'rQris%éf Alberta soils, and the same situation was assumed for the local

standard sample since their results can be considered as indicative of general background
.values. Any alterations in the trace metal burden of a soil that results from man-made
pollution can be thought to alter the level of trace metals bound onto these fine particle
fractions due to their higher surface area and adsorptive capabilities. Based on these
arguments it was decided to use 100 mesh samples, with care being taken to ensure
'adequate rruxmg before weighing out subsamples for analysis.
4.6.2 Teflon Bomb Digestions |
In order to test and compare the applicabiiity of the djgestiqn procedure described
by Reddy et. al.50 some digestions using only rlitl’ic acid- were carried out in Teflon lined
steel bombs kindly loaned by Dr. Gary Horlick. The procedure used was adapted from the
information given in references 110,111 and 56. This procedure is listed below in a
stepwise manner. ' | | |
1. Weigh 0.3g of sample into the Teflon cup.
2. Add 3ml of concentrated HNO3.
3. Heat in an oven kept at 150 OC for one and a han to three hours.
4. Cool W1th air or in ice. ‘ ' s~
5. Transfer into a 50ml polypropylene volumetnc ﬂask and make up to volume with

double dJStlllCd water.
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This procedure was found to be inadequate to dissolve the sample completely. A

second bomb digestion proécdure tried was a modification of the above incorporating some

HF into the acid mixture. In this_procédure, 0.2 g of sample was heated in a bomb at
1500C for three hours with 4ml of concentrated nitric and hydrofluoric acids. Hsﬁ and
Locke’9 have reppi’ted on the superiority of a HCIO4, HNO3, HF mixture for complete
dissolution of organic-rich and silica-rich sediment samples. There : -¢ also other reports on
the use of perchloric acid for soil and sediment sample disso?utic in Teflon lined steel

bombs but the manufacturer recommends otherwise. This ambigu’ and the ability of an

HNO3, HF mixture to g?i%'more complete dissolution of the sa; .¢ used allowed the

avoidance of the use of a perchloric acid digestion procedure in these bombs. In the HNO3,

- HF procedure, cooled digested solution was transferred into a 125ml polypropylene' bbttle-

containgng 2.5 g of boric acid and 10ml of double distilled water. After shaking to dissolve
all solids the solution was transferred into a 50ml volumetric flask and was made up to the

mark with water washings of the bottle.

_4.6.3 Microwave Digestions

The microwave oven (Kenmore Model 88760, Séars Canada Inc) as well as the

. Teflon bombs (Digestion Vessel No. 561, Savillex Corp_()ration; Minnesota) used for

microwave digéstions were kindly loaned by Dr. Byron Kratochvil. The HNO3-HF

digestidn procedure described in the above section was tested using microwave heating.
The oven used is a regular oven designed for household uéé and did not contained any
modifications to handle acid fumes. Consequently bombs containing the samples and acid
rnixtﬁre were placed in a plastic container with é‘. snap fitted lid. This allows the containment
of any acid fumes that leak out from the bombs (nitric acid invariably gives out nitrous
oxide upon heating) withbut the explosion hazard of ati éhtly seéged comainér, This plastic
container was p'laced ona tumtable (Litton Canada Inc.) aeSignéd to be used in household
microwave ovens for the rotation of the cooking vessels to;ensure a uniform énergy

distribution. Eight bombs were used simultaneously. This assembly was heated for seven
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minutes at 50% power setting, which corresponds to a microwave power output of 400 W

' for the oven used!112, o ' L



Chapter 5

Effects of the Composition of the Background Electrolyte

5.1 Interferences and Limitations of Anodic Stripping Methods that Arise from Matrix

~
—

Effects .
In stripping analysis, analyte is presented to the system as an aque;)us solution. The
nature and composition of the background solution has an enormous effect on the analysis;
“this effect is much more pronounced in anodic stripping voltammetry than in other
analytical methods such as atomic spectroscopy. Apart from the claésically documented
interferences frorr_l trace organic cognpouhds, which tend to adsorb to the electrode surface
and foul its funcitio‘"ris,‘other chemical entities such as anions and other inetai ior;s(éan’also '
. - o :
impose limitations. In mahy applications undesirable side effects that stem from f;namx
problems have been dealt with by the incorporation of modifying agents in the fdfrn of
buffers and compléxing agents into the background elecirolyte. These either mask the
interference signal or move the analyte signal iﬁté an intérférence free regi(;n along the
poiential axis throu.gh complexation. L
Trace metal analysis, at the‘levcl being practiced today (part per billion to parts ;>er
trillion range), is very sensitive to co;ltamination frorh impuré reagents. It is much more
preferable to work with a minimum amount of reagents to limit contéxxﬁn_a,tion problems
rather thaﬁ rély on expensive purification procedures. Though this situation ~where only a
“simple salt or a buffer solution is used as the backg\r‘ound’ e;lectrolyte; can be easily reaiized
in the analysis of a synthetic standard*soiution, ina real situation such as the analysis of a
soil sample i_tArnay be impossible to overcome all prpblems éssi)ciétcd with matrix elements
without the a1d of modifying agents in the background electroiytc. One strategy that can be
used in this ‘situationis to optimize the composition of the ba‘ck‘gmuhd clectyr’ol‘y.te to give a -

higher sensitivity towards the desired analyte. The influence of‘chloridc‘ and nitrate on tﬁé _
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anodic stripping analysis of lead and cadmium was studied with this aim. Another distinct

aim of this study was to develop a base for the selection of acids for the digestion system

The overall émphasis at this’ stage was the development of a digestion process that would:

result in a suitable matrix solution for the final analysis without the necessity of modifying

' the resultant ngCS[Cd solution. _

3.2 Checks for the Assumption of a Normal Distribution for Anodic Stripping Data.’

Asa pre_liminary test for the applicability of statistical comparison "iethods to later

results a standard 100 ppb cadmium solunon in 0.01 M HNO3 was analysed 40 times

usmg ‘the apparatus and standard procedure described in the previous chapter. The results’

were checked for the assumption of a'normal distribution. This was done by takinga 5 ml

&

. : o
aliquot of the solution and analysing it at least five times consecutively. From this point

onwards in this thesrs the word ' analy51s is used to mean such a collection of several

the. x~ test]113. A¢ can be Seen from Table 5.1-a normal distribution for the results can'be

accepted with a high degree of confidence. L
. . . 37>

3.3 Comparison of Chloride and Nitrate Media for Cadmium : Experimental Procedure.
. ] .

The effect of chloride and nitrate on anodic stripping of cadmium was compared by

the analys1s of 100 ppb cadmium solutions prepared to contain ong of (a) 10-2M HNO3,
(b) 10-2M HCI, or (c) 0.5x10-2M HNO3 plus 0.5x10-2M HCI. These solutions were

D

prepared by dilution of appropriate volumes of a 1000 ppm cadmium stock' s'olu'tion with
concentrated nitric and concentrated hydrochloric acids in.precleaned 100ml volumetric

flasks.

A 5 mil portion of the solution was pipetted into the cell after washing the pipet and

the cell with three 2.5 ml portions of the solution for the first analysis. »

4
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Jable 5.1 X 2 Test for Nermalily of Anodic Stripping Data
~
. _ . Probability
Interval Frequency X; - . within _no.
upper within Zj= Sl % interval MI
limit Intervals ‘o . | e
gy ni' ,ie.P(Z(Z Pi ,
. 3 - o // o\.ovi 0.009
3.0 4 -1.474 - 0.071
3 0.058 0.119
3.1 -1.125 0.129 '
3 0.089 0.088 .|+
32 : -0.777 0.218 . - B
6 0.116 0.399
3.3 el -0.429 0.334 «
2 o 0.134 2.106
3.4 o -0.080 ~~0.468 - -
oot i : 0.138 1.114
35 ' 0.268 - 0.606 :
: 5 0.126 0.000
36 0.617 0.732 7
T 2 - _ : 0.102 ' 1:060
3.7 1 0.965 0.834 . | : :
X 3 ; } 0.071" 0.009
3.8 x 1.314 .0.905 :
_ 2 - 0.046 0.014
3.9 1.662 - 0.951 , -
,_ i ) 0.027 -:0.0784 | -
4.0 2.010. . 0.978" , 1
' . — ©0.013 02443
41 2.359 v 0.991

‘No of intervals = 12, Degrees of Freedom =11, Xt

o 2 .
Since X v
. - 0.85,11

accepted at 95 %”conﬁd'enc_é' level

4

Ed

est=/z an—lf =6.225

- =19.68 the hypothesis that fesults are norm

N

ally distributed can be
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Between repetitive analyses ( for which a new solution portion was used) the

- electrodes were washed ‘with doubly distilled water and dried w1th a Kimwipe. Both cell
and pipet were rinsed with a 2.5 ml portion of the solution. ’

Three runs were carried out for each of the first three analyses. Four runs were

‘ carried out for the last two, giving a total of seventeen runs for five analyses. A calomel

’,

electrode (Fisher Catalogue No. 13-693-51) connected throt]gh a salt bridge was used as

e

the reference electrode. The salt bridge contained 2M KNO3 for the analy51s in HNO3 M |

KCl for the analysts in HCl and a 1:1 mixture of 2M KNO3 and 2M Kl for the analy51s in
HNO3/HCI. Results of these experiments are listed in Table 5.2.

5.4 Statistical Model for the Comparison of Signal Strength
After reviewing various different statistical procediires available for comparisons of
this nature, it was decided to use a hypothesis testing evaluation in a paired sample

configuration. Data points were paired according to the analysis run number. Pairing of the

data not only simplifies the statistical operations but also removes any ambiguity that can

result from adsorption of the analyte to the cell walls. Since a newly precleaned and dried

cell ‘was used for each"'base electrolyte, it was expected to come to equilibrium w1th the
glanalyte for later runs but (,ould not have done so for the very ﬁrst run of an analysis.

N Though often not observed ultra trace levels of oxygen can be present in the

solutton. The amount of,oxygen present decreases during the analysis dﬁfe to its being

~ reduced at the negative potentials nsed’ for the deposmon process (1 e. less and less oxygen

- 1s present during later runs). Also the presence of an increasing amount of Hg at the bottom

7

of the cell dunng later runs can alter the ﬂow pattem dunng sttm?lg The effect of Hg has N
Abeen studied by Wang et. al. 1 144ho has proposed acell de51gn that removes Hg from the

solution. The effects of these two parameters were also minimized ‘throu gh pamn gof data.

Ina hypothesm testing procedure two types of errors-can occur. In a type 1 or o

-

... error 51tuat10n the expenmental outcome suggests the I‘C_]CCthﬂ of the null hypothe51s ‘When
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. ateachpalr rtfollows that - - LT

-

the true situation is otherwise. Type 2 or B error occurs when the data suggests the

acceptance of the null hypothesis when the null hypothesis is false. It is important to

control bothtsituations to obtain a meaningful outcome from a hypothesis test.

One way of doing this is to predeﬁne error levels for these two situations. These ‘

deﬁned values as well as a value for the 1mprovement level & which defines the magmtude

of the acceptabl_e difference in the chosen parameter that is being tested in order to reject the
null hypothesis, were used in the hypothesis testing of this model.

For the companson of analytical 51gna1 strength or the peak helghts of differential

' B pulse anodic stnppmg curves, palred data for the two s1tuat10ns that are bemg compared

twme the value of ‘the populatlon standard deviation was used as the criterion of

~

dtfferenuatlon

~

The probablhty mamrx for these selecttons shown as Figure 5.1, further clanﬁes

the rneanlngs of o, § and &wValues chosen for these parameters were based on the

[

available data about the populauon being studled and the expenmental hrrutanons

Calculatlon of the sample 51ze based on the above values for error levels was done

- ?by,iollowmg the arguments and fonnulas presented in reference 115. For example, for the
RS

’ icompanson of chloride and nitrate data denotmg cadmiumi peak helght in chlonde

background as X and that in nitrate background as X, and defining,

Xdiff = Xc-Xn B C e

" oMdiff= Hen EE R A

- . which defiries a new_"p’opulation,

a
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o

Test Outcome

Paig =0 Haig > 8
Correct - Wrong
i ‘ @ s . )
. — o error
s Hage =0 _

3 ' P=(1-0)=0.95 P=a=005
7] ' : P
3 Wrong Correct
[ o o

lem > 9 -;-ﬁ error ' . _
' " P=B=005 | P=(1-p)=095

.

Figure 5.1 Proxibility Matrix for'the Hypothesis Tests for the Comparison

of Sig ajgrength : \

~a
+
C




Xaift ~ N(Hgiff. /Cd;'f_f) :
| Xc~ N(llccc) o
and I
" \ " _- | Xn ~ N(Hn, Gn)
If the two hypotheses HO and Ha are stated as Hy: p.dlff 0 and Ha udlff >0 W1th
o= B 0. 05 and d= 20'd1ff, then
o NpaLlrS = (Ua+U[3)202/82
_ where Ua and UB are one-sided normal distribution values at the probabﬂmes spec1ﬁed by

o and B. For this case the value of‘both 1s 1.645, which gives a value of 2.71 for Npairs-

This is_ the number of data points needed to carry out the above test using -

)

population. parameters. Since these are being estimated using sample parameters a

© correction has to be made using the Student t distribution. This involves a recalculation of -

‘N using the same equation but with t distribution values for i‘}a and Up, at (N
degrees df'ffeedom. In this case at 1.71 degrees of freedom, for which toa=t3=3.937, a
final value for N; is given by,

N = (1/4)(3. 937+? 937& 155 = 16
The objective criterion fof‘the test can be calculated as .
. Xdifr=ta saistNGifr |
where Sdiff is the sampie standard deviétio’n dnd ‘Ndiff is the sample size. Upon the
' condmon mef> Xdlff where Xdlff is the sample mean;"Hg can be reJected with at least

&

90% conﬁdence

istical ] for th my arison of

The criterion of dlfferermanon used for the companson of vanances was based on

the magmtude of the relative st_ndard dewanon At the concentrauon levels studled a

relatwe Ftanda:d deviation below LO% can: be considered as acceptable The lowest relauve ‘

pairs-1) "

74



)
y

 standard dcwauon obscrved in the data set is 5.21% for the HNO3/HCI backgropnd (T able

a

5. 2) Consequently the criterion of differentiation was taken as twice the relative standard

: dev1anon From the rcsults of thc S1gna1 strength compansons which will be presented in

© size of 16.

scctlon 5.6, it was cstabhshcd that

T

| “ ' uzuc/nzp'n""osl

- for the companson of chlondc and nitrate media. Allowing the relative standard dématlon in

chloride media to be tw1ce of that in nitrate media,

Ocflc = 2,’-‘511]/ Hn

| “which leads to |

o4 il
{

cdcn =2 (Lp+ 0.5)/up ”"“ ‘ !

~ When substituted with the sample mé‘% “for uy, this provides the estimate

e

ccjon=24l66 24 B

Followmg the arguments in referencc 1 15 the R value for these condmons is given by,

R= 6.2/0,2 = 5.76.

From the listed R values this corresponds to 15 degrees Bf freedom, implying a 'sample

ThlS sample size calculation based on rclatlve starrﬁ‘ard deviation was used in order

to avoid cmploymg variance esnmatcs The effectlve result is to use the sample mean

estimates for the calculatxon instead of sample vanance estimates. Sample means are

normally dlstnbuted a.round the populatlon mean for a normally dlstnbuted populanon

Smce they are centcred around the true populanon mean, samplc means tcnd to provide a .

better estimate of the populatlon mean even at smaller sample siZes. On the other hand,

sample variances show a chi square distribution which is highly skewed at small sample,

-

sizes115, Under these circumstances it is better to use sample mean values than sample

variance values for the estimation of sample size. At thispoint it-should also be pointed out -

. that the sample standard deviation or s is not an unbiased estimator for the population
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“%Standard deviation, though s2 is an unbiased estimator for the estimation of bobu,}gtién

variancell5, . u i
These selection criteria change the outcome of the compah’son test. Thdugh it is

desirable to check whéther Ehe vaxjanccs are equal or not, the sample size sele.’c‘tion criteria
that have been used only allow chccﬁin g of whether or not thcp: is a significant difyfgrence
in the relaﬁve standard deviations of the two populations. A significant chan‘gé@ﬁcing
interpreted as doubling of the RSD At the 'gé‘?xcentration levels being used it"is
approximately equal to a 5% change in RSD.
| Though this can be set fof‘the level of equal RSD valueg“v\/hiéh is a more appropriate
criterion, it results in a sémplc size greater than 120, maki_ng data accumulation with a
rcasonaf)le control impossible becégéc each run takes close to six minutes.

T

Taking the comparison of nitrate and chloride media as an example, the two

s

hypotheses were defined as
| Hy: 6.2 = 6,2
Hj: GC2 # Op2
‘with o = [3 = 0.05 wlgich) results in a samplle size of sixteen, as poimed out in the last
paragraph. The test criterion based ‘on o= 0.05 and N=16 is the F value for distribution
with (15,15)>'degrees of frcedc;m, whiéh is designated as F*. F values for the data were
‘calculatjcd using the identity F = 0c2/0n2. Under the-condition F < F*, Hg can be accepted

.with at least 95% confidence.

. \',) . . ~ . )
5:6 Data Analysis ) o ) . ‘ - ”g?‘.,
' Tables 5.3 list the results of the hypothesis tests for the comparison of peak

. heights. These results lead to the conclusion that there is a significant difference between -
' R s ~ SR B a7
in the presence and absence of.chloride. Since it is highest in HC&;:%;;;Z Iy

t s
e

v

* cadmium peak height
Béc?ground'fpllowed by ihe HNO3/H_C_1 and HNO“37 backgrohnds (Table 5.2), this effec;n' ) p.‘/i}'

L

i appear’Js: to depend on the concentration of E:hloride. The magnitude of chloride effect was

. 0
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4 quantified by calculating a confidence interval for p.-lp, using XX data and assuming a
{ : .
t distribution.
At the 90% confidence le\)el, this interval was found to be (0.52% 0.06) uA,

leading to the conclusion .
He = He/n = Hpt0.5 _
Table 5.4 lists the data and F statistic values for the compaﬁson of variances. Table
5.5 summarizes the results of the whole experiment.

One complication in the analysis of this data arises from the possible intervention of

Ry

)
chloride from a salt bridge leak from the reference electrode salt bridge. Though no such

effectis easily observable with a KNO3 salt bridge, with a KCl salt bridge the current level

Jﬁ‘

at the,ﬁnal potential of the anodic stripping scan (stripping cycle was errmnated at 0.1V)
shqws la\slear systematic increase with the run number (Figure 5.2). This oxidation signal
arises fbm the oxidation of Hg in the bresencc of Cl- and the level can be regarded as
indicative of- the CI- level present in the solution at, that point. ' T

Though it is'possible to measure chloride Ievels in the solution using the stripping

curve itself by extendmg thc fina] pmenﬁal to the positive side, it was found to be easier -

and'more appropriate to use dlfferentgal pulse polarography for this purpose because of the

high chloride levels.

5.7 Chloride Level Changes due to Salt Bridge Leak ' :

Though a salt bridge with a V;cor plug at the end was ’use'd, leakégc; of chloride ion
into the solution, as shown in Figure 5.2 and.cxplained above, is significém_t enough to
att~rac‘t attention, cspcgially in a trace analysis situatién. Th_is was based on the\.Obscrvation

| of an incfease in scnsitivity with the presence of chloride in the background elccirolyte.
Assurhing this efféct depends on the chloride concentration, a changing éh-loridc; level
should contribute towards a deterioration in the precision of the analysis. Ad-fiitij)n of a

concentrated salt solution may not be an acceptable solution in a trace level analysis,

&4 M

78



Table 5.4 Sample Values for the Comparison of the Effect of Different
Backgrounds on the Variance of the Cadmium Measurement

o Sample Values X - Sy n
Chigride 2928 | 0.222 " 16
Nitrate ' 2.410 1.517 ‘ 16
Chloride/Nitrate . 2.846 -~ 1831 . 16
o p— |
.F Test Values '
C Chioride vs Nitrate » ) ' 2.14
Chioride y5 Chloride/Nitrate L 2.1
Chlorideitrate vs Nitrate ‘ 1.02
7 .
2. 2 _ 2 2
) ¥H0.0A=GB‘ Ha.fsA;g,cB

v . -

-

Fi5,15 =240 at95% cofidence level.

So for all three cases null hypothesis can.be accepted with at least 95% confidence

-
‘ i
¥

| } . .
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Table 5.5 Summary of Results from the Comparison of the Effect of Chioride and

Nitrate on the Anodic Stripping Determination of Cadmium

PRX

Comparison of Mean Signal.Strength

|
Y

(24

&

& -

95% Confidence Level

) 99% Confidence Level!

- Comparison of Variances

»

| Chloride ys-Nitrate - H.- pnp>0 ' He- Hy>0
Chiloride vs Chloride/Nitratg - - He- Hen> 0 He- Hen= 0 »
.| Chiloride/Nitr&te vs Nitrate Hen~ Hp>0 Hefn- Hp>0
P
o

90% Confidence Level

Chloride vs Nitrate

c n 0'C = Gn
Chloride vs Chloride/Nitrate Cc* O¢rn 0.=0.
Chloride/Nitrate vs Nitrate Go n= Op Gc/,n =0,
[ N “
g

T -Rejectioh of O can be regarded as an indication of 4 change in RSD by more than 5%.
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: Flgure 5.2

L

o N \
Effect of Salt Brldge Leak on the Appearence of Anodic Stripping .
Curves of Cadmium. C v ' -
Curves for four consecutive runs: obtamed wnh a smgle solutlon portion
are shown in ascending order for each category

A. 0.01 Nitric Background; 2M Potassium Nitrate Salt Bndge . ,

B. 0.01 Hydrochlorlc Background 2M Potassrum Chlonde Salt
Bridge

C. 0.005 Nitric + 0. 005 Hydrochloric Background. 1M Potassuum : O
Nitrate + 1M Potassium Chioride Salt Bridge. , 2



RS

S
although it would have masked any changcs from a salt bndge leak. ThlS prompted further -
investi gations to quannfy the leval'of chlonde leakage under expenmental condjtions.

The same analyte solutron as used for prevrous tests was used as the cell soluuon
with the. 2M KCl salt bridge connecung this solution to the reference calomel electrode
Instead of the usual anodic stripping analysis, the potentlostzt and the SMDE were. :

. - switched to operate in differential pulse mode, with the SMDE now operating as a droppmg
mercury e]ectrode. | s | |
Results of five consecutiue runs plotted against the time spent in the cell ar:e‘shown -

. ,
together with a calibration curve for chloride which was obtained using a nitrate salt bridge

as Figure 5.3. Comparison of the signal levels show a chloride concentration of ,

approximately 3.5x10-4M at the end of the'analysis. Compared to the chloride level in 0.01
: . P4

HCl this 1s hundrﬁed times lower. Ideally one may notexpect any significant change in any
. behaviour that is dependent on chloride level from .a change of this magnitude. It should be
noted that the salt bridge used contained 2M KCL. The amount of chloride that can diffuse
into the solution will be much higher with a saturated salt bridge, such as direct insertion -
o'f the reference eiectrode into tne test solution. The magnitude of this effect is shown 1n .
Frgure 5.4, which shows a set of lmear scan cathodic stripping curves, obtained in a
chloride free background electrolyte wrth the orl grnal Ag/AgCl reference electrode sysrem
~'su'pp1ied with the 303 SMDE in place. These were obtained by scanning the potentml
‘ cychcally from 0.0 V to +O 4 V and back at a rate of 30 mV/s. The initial four minute
- deaeratlon was followed by 1/2 rrunute deaerations between successive runs, which mainly
| served to le the soluuon to dlsperse chlorrde that leaks into the solutlon from the reference
E Juncuon A second 1mportant feature observed in this’ data set is the development of a
secondary peak that grows at the expense of the initial peak The observed 1ncrease 1n.

-ent at the final potenu‘al of the srnppmg curves presented in Flgure 5.2 may be resulnng'

.zc~1 this- phenomenon. Growth of the second peak at an intermediate chloride

N
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concentrauon is a phenomenon that has been documented1 17 and presumably anses from

~the formauon of Hg(I) chlonde at low chlonde concent:rauons

. 5.8 Effect of Using a Potassrum Nitrate Salt BndL

At this pomt it was felt that although the amount of chlorlde Uansfer into the

solution is 1ow, an assessment of the effects of the salt bridge ﬁlhng solutron on the anodrc

4 ~

\ .
smppmg sxgnal of a metal i ion at trace level was an appropnate study. Influence of the salt o
bndge soluuon upon smppmg results can orlgmate either- from changes in the solut1on due

to electrolyte leakage or from changes in the conductrvrty of the salt bndge that rnay B

1nﬂuence the measurement S} stem. One would hardly expect any deference in conducuvrty‘

.between a KCl salt bridge and a KNO3 salt bridge due to closeness of thelr tranSpon .

&

properties. The equrvalent conductivity for chlonde ion is 76. 34 mho cm2 whrle itis 71.44

mho cm2 for mt:rate3

1

Results of a companson of data obtained by runnmg stnppmg analyses of lOOppb

Cd2+ in 0. OlM HCI with KNO3 and KCl salt bridges in place are shown in Table 5. 6

" which 1ndJcates a deﬁmte increase in sensrt1v1ty with a KNO3 salt bndge

LS
Vi

A summary of the results obtamed for the comparison of variances for all situations B

'studled is presented in Figure 5. 5 In this ﬁgure each point where three bold lines meet

represents a spec1f1c situation (solution composmon/salt bridge combination). The F
statistic tabulated on each line is”calculated for the companson of the two situations

connected by that lme The angled hne drawn across the dlagram separates the srtuauons

-studied into two groups on the ba51s of the F test result at the 90% confidence level

5 9 Companson of Chloride and Nltrate Backgrounds for the Analysis of Lead

S1rm1ar experiments were done for Pb2+1n which onIy a KNOj3 salt bridge was

used. The 0:01 M HCl and 0.01M HNO3 media were compared usmg the same statistical

design and argume,nts used for the comp-anson of the Cd2+ analyses discussed in Section

LS
0

5.8.
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Ia_lz_g_i,_ﬁ Comparlson of the Effect of Potassium Chloride and Potassium Nitrate Salit
Bndges on the Anodnc Stnppmg Determmat:on of Cadmium in Chlorlde Media

s

M gitt = B knos~ H kol

Hé:udiff——;O;Ha:Hdi”>0
CXgiee 7 Sdirt n )
01613 *| 01153 .| . 18

. (tgos=175 at15c{egreesof freedom) _ | ‘ .

L.

tSair 175 x0.1153

NGy A8

Xgits. = =0.05014 o .

.

Ydm > -)Z'diff; s0 the null hypothesis can be rejected with at !éast 95% confidence.



X o same at 90% level -->
' Nitric
(Potgssium' Nitrate)

Hydrochlonc
(Potassnum Nltrate)

o

Hydrochloric
(Potassnum Chioride)

21083, %, i e
' N Hydrochlonc/Nnnc :
. . S (Potassnum Nnrate/Potasswm Chlonde)

R E. ;
<-- ¢ different at 90% level o

F* . =2.40 a1 95% level S
(15.15) .

« 1.97 at 90% level.

Figure 9.5 Summary of Resutts from the Companson of Variance for All Snuanons

Calculated F statistic is shown on connectmg lines for the two srtuahons marked at the apex

QN
—

Salt bridge Composition is shown in brackets. -
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A summary of the results of thlS expenment is presented in Table 5.7. Hypothe51s

" test results summanzed in Table 5.8 mdx&ate an unprovement in. 51gnal strength in nitrate

' media-i in lead analyses Wthh is opposne the effect observed in cadmium analyses. But this

' dtfference is not large enough to: con51der as an advantage in a practical analysis.”

’ Companson of vanance results in Table 5.9 do not indicate any srgmﬁcant change in

_variance w1th the type of background anion used in Jead analyses.

-

N 5 lO Lead and Cadmtum Complexanon Properties of Chlorlde ar;/d Nttrate Medta

Vydra et. al. 2 gtves some data of this nature for lmear stan anodlc stripping
- xanaly51s (these data were ongtnally reported by Zaru})ma and Kolpakova1 18)\ Data given

vare averages of peak currents obtalned at three 'different base electrolyte concentrattons

0. 02, 0.1 and 0. 5M For cadrmum at the 30 ppb level in HCl they report a 41% increase

: compared to. HNO3 (85 nA vs 60 nA). At 100 ppb level and 0.01M ac1d concentrations the
results of the present study show only a 21% increase (2 02441 A vs 2.40951A). Though
- these two observatrons should not be compared quantttattvely due to fundamental
»dtfferences in the method of analy51s and deposmon times, and to the- fact the ltterature

values are not reported for a specific base electrolyte concentratton it is obvious that there
’ 1s,a,n mcrease in sensmv1ty in chlonde media.

Th1s sensmvny change can be expected to arise from dtfferences in complexatton

behavxour in the two background solutions. Figures 5.6 and 5.7 show the dtstnbutton of -

cadmlum and Iead among various complexed species that are present in the presence of

chlortde and mtrate Thegé»dtagmms were prepared using the data and techmques reported -

Cin the comptlatlen by Kotrly and Sucha’4. According to these figures only mono ltgand

co plexes can be present under the conditions used for the experiments (i.e. at a ligand

concent:ratlon of 0. ()lM) Since these complexes can be expected to be rever51ble and -

kinetically Jabile and since the fraction of the metal tied up is srnall itis unhkely for them tO

have any 1nfluence on the mechantsm of the deposmon step. Even: 1f they do .one would

‘.
S
i
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N . %\
AN
: ’ ’ —n '::1:5‘.
:Jable5.8 Comparison of the Effect of Chloride and lerate Medla on the Anoduc
) R Stripping Determination of Lead v,
™ . . -
A 8 ' :
T Q L Hgitt =Hc- un. \ . I
‘-
H Hgirg =0 Hy gy >0
: \ ¢ »
— ‘ ‘ N t (\3
Xgitt | . Saitt n
01170 | | O.WS!# 16 - ‘
1.75 X 0.1'734 _ 00758
) o
\

‘ Xg'iff > Xgi» SO the null hypothesis can be rejected with at least 95% confidence.

: | S | ( o | A
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Table 59  Comparison of Variances for the Determination of Lead
in Chloride and Nitrate Media -

-
2
Hy:o.=0 H,:c_,#0
3
- ~ ]
Xaitt Sditt n
CFﬂorige 1.6946 0.*42 16
Nitrate § 1.8116 0.1220 16

‘ 2 . ,
Ftest = 5/2 = 1142, F =2.40 at 95% confidence ! evel. So the null hypothesis is acceptable.

C
~
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E;gu_re 5.6 Distribution of Cadmnum in Nltrate and Chlornde Medua as a Functnon
' of Anion Concentration. .

Sa- Fracnon of metal present as mdlcated spemes

A low .total metal. conient was assumed m order to neglect the

precipitation of springly soluble species
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Elgure 5. 7 Dustnbutuon of Lead-in Nltrate and thornde Medna as a Function of
L . Anign Concemratron

. ‘a - Fraction of metal present as-indicated species. v
"A low- total metal content was assumed in order to neglect the
premputahon ‘of springly soluble specnes ‘




expect a decrease in signal strength in chloride media because of the higher complexing

capability of chloride relative’to nitrate.

v

Mota et al.118 have studied the effect of reversible complexation on anodic

stripping of metals. Their observations indicate the possibility of a reduction in sensitivity

in the presence of a-complexing agent through the interaction of the copnplexing agent at the
: oxidation or stripping step. Since this involves the production of a high coneentration of
metal ious at the vicihity of the electrode surface, a low ligand concentration can lead to
saturation of ‘the ligand ;at the electrode.surface. The effect of this on the strippirtg'peak isa
. peak broadening and a corresponding decrease in peak height.-Peak broadening occurs via
sphttmg of the peak into two slightly displaced overlapping peaks, the split arising from
.ox1datlon of the metal to form both free metal ions and a metal complex
| ' Howe_ver, it was observed that the situation with chlonde and nitrate is the complete
reverse of this. Chloride ion', whiich\fonns a strongef complex with cadmium, tencfs to give
a larger signal, while nitrate ion, which ia the weaker complexing agent, produces a lower

signal. '

5.11 Effect of Chloride and Nltrate onleadina Buffered Backzround i

. Another experiment was done to extend the nesults obtained in unbuffered chloricie
and nitrate containing medla to buffered solutions. This experiment was carried out using a
pH 3 buffer solution prepared by acidifying an equimolar acetate buffer solution with

concentrated nitric acid. Potassium nitrate and potassium chloride salts were used as nitrate

94

and chloride sources. The experiment was conducied as a two factor vanance analysis

experiment. The data obtained and the ANOVA table for these data are shown in Tables

. 5.10 and 5.11.



-

Ia_plgi,iQ Comparison of the Effect of Chloride and Nitrate on the Determination of

Lead in Buffered Media.

Data for the two way analysis of variance test.

A. Raw Data
Potassium Nitrate
0 0.05 0.10
0.0843 0.0839 0.0913
. 0 0.0866 0.0855 0.0929
0.0879 0.0865 0.0983
. 0.0902 0.0869 0.1010
3 ,
5 0.0917 0.0911 0.1029
5 o 0.1042 0.0924 - 0.1088
E | 77 0.1076 0.0987 0.1127,
@ 0.1098 0.0979 0.1155
[301 R
£ 00872 | 00987 0.0853
0 0.0892 0.0989 0.0903
j 0.0908 10.0990 0.1019
0.1002 + 0.1034 0.1027
B. Reduced Data
Mean 0.0872 0.6857 0.0959
std. dev. 0025 0014 0045
RSD % 3 2 5
Mean 0.1033 " 0.0950 0.1099
. std. dev 0081 0038 0055
RSD % '8 4 5
Mean 0.0918 0.0999 0.0951
std. dev. 0057 0022 0086
RSD % 6 2 9
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I' gble 5,11  Anova Tablev’tbr the Comparison of the Effect of Chloride and Nitrate on

the Determination of Lead in Buffered Media

Sources Sum of Squares | Degrees of | Mean of the F
Freedom  |sum of squares |
Between Rows 3 . S 3
(KCI Effect) 1.043x 10 ~ 2 | 0522x10 7 |18.67
~ . i ‘
.| Between Columns 4 4
(KNO, Effect) 3.337x 10 2 1.669x 10  |5.97
. . § -4 .
interactions 4.894x 10 4 1.223x 10 4.38
e ‘ -4 ' E oo -4
Within Cells 7.543x 10 27 0.280x 10 -
. ‘
F =54 F = 4.
0.01,2,27 5 9 0.01.4,27 1
Py L] 1

-
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Accordmg to these results both potassxum nitrate and potassxum chlondc have an

cffcct on thc lead sxgnal However, the cffcct of chloride is much more pronounccd than )

that of nitrate. Smcc the dlffcrenccs in. vananccs rather than dlffcrcnccs m the 51gnal
stren gth are bemg consld;:red thcsc results do not prov1de cnough cv:dcncc 10 deduce the
nature of this cffcct Morcovcr complcxauon cffccts from the prcscncc of ch]onde shou
be minimal under the conditions used for ths study bccausc of thc stron gcr complex; ~g
properues of acetate ion. The predominance area dJag‘ram for lcad in CthI‘ldC acexate mixed

3 \médla shown.m Flgure 5.8 indicates the near abscncc of chlondc complexes even at the

| "‘Q.IM chloride level. o
R

5 12 Summ _ry | |
. Flgure 5 9 summanzes all thc obscrvanons in thc form of conﬁdcncc 1merva]s for
: thc mean values Though hypothesm testmg provxdcs a more deﬁmte decxsxon making
stIategy, a conﬁdencc interval chart is va]uable since it allows one to compam both sxgnal
strengths and the standard dcv1atlons Also it is. more useful m a snuauon whcrc second

‘choices may be required due to umnauons imposed by original sample cornposmons

Though hypothesis tcsuno shows a dcﬁmte increase in signal for Cd2+ with a

"KNO3 salt bridge the confidence interval chart (Flgurc 5.9)\rmght lead one to consider thl_s

increase as margmal bccausc of the overlapping confidence. mtervals Though chlonde

* definitely improves the sensm\nty in the case of Cd2+ the situation with Pb2+ is rcvcrsed '

In anodic stripping voltamimetry it’is customary to analyze for several metals in a

 ~single analysis. This being one of fhc pbwérful benefits of the method, a background
c]ectrolytc that can be useful in a general practical situation should be able to‘givc
optimum, Or at least acceptable, results for more than one mctal ion. In light of this data it

"~ can be concludcd that a mixture of chlonde and nitrate anions in the form of HCI and
HNO3 is better for the analysis of cadmium and Jead. As far as the salt bridge is concerned,

preference is for the use of KNO3. A KCl salt bridge will result in a reduction in

97
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Figure 5.8 Predominance Area Diagramfor Lead in Chioride/Acetate Mixed Media
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Figure 5.9 Confidence Interval Chart for the Determination of Cadmium and Lead in

Chloride and Nitrate Media.

Salt bridge c'ompositfion is shown within brackets. Metal concentration

was 100 ppb in all cases.
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performance in terms of sensitivity and precision, but increasing the deposition time will
: _ 5

lead to a gain in sensitivity, allowing one to tolerate its use. The main advantage of KCl is

thg.ease of use and sysicm maintenance. All subsequent experiments in this thesis were
done with a KNOj3 salt bridge. |
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Deaeration and, Ox, n Interference

6.1 Effects of Dissol_ved Oxygen: Present Understanding
'Oxygen has been considered as an interference in aqueous polarographic and other
voltam:hetric techniques due to the two reduction waves dlat unfortunately o~cur near the
limits of the useful potenual wmdow Thus deaeratJon of solutlons is an unavoidable step
ir aqueous voltarnmemc studles
Early workers observed interfering effects of oxygen in anodic stripping
voltammetric applications: " For the séme reasons as in classical polarography‘, dissolved
| oxygen must be expelled from the test solution. Oxygen is relatively highly soluble in
aqueous solutions at normal pressure and temperature (about 10-3M solutions are formed).
The dissolved oxygen is electrolytically reduced and'_‘canses a considcrable and poorly
reproducible increase in the residual cu.rient, . In addition to an increase.in the residual
current, the presence of dissolved oxygen may cause other difficulties in stripping
.deterr‘ninations. It may oxidize the amalgam already formed, e.g. |
. M(Hg)x+1/2 Og+ H)O —————>x Hg + M2++2 OH-
and thus decrease the efficiency of the preelectrolydc step. The formation of hydroxyl ions
- T'in the oxygen reduction may cause an undesirable change in the pH of unbuffered
' solntions leading to hydrolytic phenomena‘ etc." (reference 2, page 174)
A recent monograph on stnppmg analys;s also states more Or less the same reasons
for the necessity to remove oxygen prior to the deposition step
" The halfwave ‘potentials of these ste;& (of the oxygen reduction reaction) are
approxima,tely -0.05 and -0.9 V vs SCE. These reduction 'stclv)s result in an increased
background current that obscures the stripping peaks of interest. Complications in'stripping

analysis axe mnoduced also thmugh the chemical rcacnvuy of oxygen.
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(a) Oxygen may ox:dxzc th
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(b) Hydroxyl i jons formed during the reductor. of oxygen in neutral or basic media -

can prcc1p1tatc metal ions in thc vicinity of the working electrode. For thcsc reasons,
oxygen must be removed from the sample solution prior to thc dcposmon stcp (rcfcmnce

‘

1, page 11)
Though there are reports of studies on the nature of oxygen interference in anodic
stripping analysis much of the explanation given can be consji-dc_redas an extension of ideas

from the polarographic literature, of which the above excerpts are typical. There is a

controversy in this because of the fundamental differences that exist between these two.

techniques. Use ofa stationary electrode in anodic stripping analysis as opposed to a DME
in polarography changes the immediate environment of the double layer into a more
stationary one. On the other hand the stripping or measurement step in the former is
preceded by a,fe!atively long deposition step which is usually carried out und,c'r'turbulent
convective conc%tions, leading to more bu.Ll:cAchangcs in the solution. Past and present
workers generally have cited three modes by which oxygen can interfere in anodic stripping
analysis. _ - \

(1) Oxygen reduction increases the background current, so stripping peaks become

opscure. This mainly applies to linear scan stripping procedures38,44.
| 3] Oxygcn can reoxidize the plated rﬁeta] d'uringvthc deposition step, reducing the
efficiency of the ana]ysi5120 presumably in a nonreproducible manner.

(3) The oxygen reduction rcacﬁon can changc,thc pH of the solution near the
electrode, forcing the formétion of hydroxy complexes and prcc;ipitatcé of the metal bein g
ana]yscdnl. ' ' . | ..'

- Of these processes, the second and third are associated with dcposi;ion and

equilibrium stages, while background effects predominate onﬁy during the strippin‘g stage.



\
' Sévcral recent studies report the disappearance of oxygcn interference effects upon
" matrix exchange, i.e. exchange of the analytical solution for a deaerated buffer solution
after cbmpledon of the deposition stcp38»40’41. This 1s préfcrably done using a flow cell

to avoid exposure of the electrode to air and to maintain potential control throughout the

exchange process. Since no difference has been observed between-deaerated and

“nondeaerated samples, authors of the references cited above have concluded that oxygen

interference is a process that appears only during the stripping step.

6.2 Effects of Oxygen on Lead Analysis: Preliminary Observations

In order to estimate the optimum deaeration time for the system, the effect of
variation of the length of the purge time on the outcome gf the analysis of lead was studiec
This study provided data illu.strating the variations of the lead peak with varying dissolvec
dxygen levels. Efficiency of the deaeration or deoxygenation By nitrogen purge was found
to be dependent on the gas flow rate, purge tube geometry and background g:]cctrolyte
composition as well as on the analyte concentration. In the case of analyte concentration it
might have a dependence on the deposition time as well, since deposition time controls the
teal analyte concentration (i.e. concentration of Pb in the mercury drop at the beginning of
the stripping step). |

~ There is a reduction in the oxygen content of the soludb:x during the analysis itself,
presumably occurring through exchange with blanketing N7 and also via reduction
reactions that occur in the solution.

Figure 6.1 shows the changés in the Pb stripping peak that 6ccur wit cha/nging
oxygen levels during consecutive analyses of a Sml por;ion of a 50ppb Pb (in .0.0IN..I
HNO3 and 0.1M KNO3) solution, with a on.c minute dcacr;ition. Differential pulse anodic
stripping curves in Figure 6.2 show the effect of oxygen on the background current.
Though Ligh oxygen levels &nd to change the background or base line into a dcc;i val]ey,

the Jead signal occurs on the bottom of this valley, allowing measurement of the peak
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Figure 6.1 Varial'ion of the Lead Signal due to Oxygen Level Changes During Analysis.

. A 5ml portion of a 50 ppb lead solution (in 0.01M nitric and 0.1M

potssium nitrate) was analysed repeatedly after a one minute nitrogen

| purge. Run number refers to the order of analysis. Observed increase in

lead signal strength result from the decrease in the oxygen level in the

solution through exchange with blanketing nitrogen.

(
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Figure 6.2 F:ﬁect of Dissolved Oxygen on the appearence of the Anodic Stripping
gurve. | '
A. [\Jo nitrogen purge.
B. Three mium; pﬁrge
C. Five minute purge.

A 30 ppb lead solution in 0.01M nitric acid was used with 0.2min ,

deposition in all cases.
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-height without much interference from thc slopmg basclmc On thc othcr hand any,;:‘.“

changing of oxygen levels has a pronounccd effect on thc prccxslon of thc ana]y51s Ina
batch analysis situation where a single sample pornon is being analysed several times
consecutively this is unavoidable. Longer stripping times encountered in différcntial‘pul'se
stripping procedures allow oxygén level to change rather diastically between deposition

stripping cycles. .

With a faster nitrogen flow and a smaller diameter purge tube linear variation of the

iead stripping peak Height begins to level off after about four rninﬁtes'(Figure 6.3 ). These
conditions were obtained by covering the wide opening ( capillary inseﬁ hole) on top of the
cell hoider block of the PAR 303 SMDE \a;/ith a plastic sheet to aintain a positive nitrogen
pressure within the sample cell. ‘

Under these conditions a five minute deaeration time for a Sml sampie, or a lmin/m!

deaeration ratio, was selected as the normal operating condition. Although this removes the
effect of oxygen, it significantly increases the overall analysis time. This is particularly true

with differential pulse stripping, which is slow compared to linear scan stripping. This

drawback, and the lack of a satisfactory explanation of the nature of oxygen interference,

prompted further investigation of this phenomenon.

6.3 Mammix Exchange System: Details of Construction

'A glass ¢ ccll supplicd by the manufacturer as an accessory to the PAR MODEL 303

SMDE (Catalogue no. GO 057)" was modified by adding two sidearms, one vcry close to

the bottom of the ccll and one near the upper edge of the conical section. To the bottom arm
a short length of ﬂexlblc PVC tubing was attached, which ‘was held in place by a short
piece of mital wire bent to form a half loop. The opcn end of the siphon thus formcd was
adjusted to rest at lcvcl w1th tﬂc upper edge-of thc conical section of the cell, while the
hlghcst point was at a lcvcl_-hxghcr than the upper side arm. This arrangement is shown in

~ Figure 6.4.
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The upper side arm was connected to a polythene wash bottle (Na]chOO ml) which
¢ served as a solution reservoir. This was placed ona labjack allowing the maintenance of the
solution lcvclv ata spéciﬁcd level marked on avertical strip of cardboard attached to the
bottom plate of the labjack. A beaker under the open end of the outlet tube acted as a waste
reservoir.# | )
| During most of the experiments carried out with this setup, analyte solution was
pipetted into the empty cell, with the exchange solution flow blo:>cd out by a tube clamp
fitted onto the inlet tube. After the dcpositioﬁ step had been carried out to the required
extent, flow was started by opening the tube clamp and was stopped on or before initiation
| of fhc equih'br‘ation\step. |
Using a KMnOy solution (5Sml) it was found that it is necessary to run at least 20ml
of distilled water to remove all the visible color from the cell. Solution flow rate (controlled
" by the reservoir solution level) and exchange time were selected to satisfy this condition. |
Florence and Mann122 recently, r?ported a similar rﬁodiﬁcation to the PAR 303
SMDE which_ enables one to perform a matrix exchange procedure. ‘However their cell
consists of only a drain arm locratcd at the bottom of the cell, exchange solution being added
from a tube inserted through the entry port on the plastic cell holding block. Consequently
they had to use 50ml of the exchange solution to rem;we the aha]yte"completcly. A greater
chance for solution mixing in th;:ir systcm may be the reason for this high volume. Further,
their cell does not ensure a constant presence of  a liquid cover i:ll'thc: cell to maintain
electrical contact, since accidental dpcﬁif;g’ 6f the drain can empty the ccll completely. |
In the cell configuration described above use of a siphon trap at the drain poinz
cnsur;:s that this does ndf occur. Further, the location of the solution inlet at the upper cdgc‘
* of the conical section cﬁsures a smooth flow into t};c'ccll with minimum mixing of the

exchange and analyte solutions. A design with the lower arm servin g as inlet and the upper

arm as the cutlet was also tried. This led to entrapment of analyte solution just above the .

PN
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inlet point as revealed-by running permanyanate solutions. In this situation incoming

P
solution travels over the bottom of the cell, hits the opposite wall, and is direct~d upwards
toward the solution outlet, leading to entrapment of the analyte solution. Use of a magnetic
stirrer to break down this flow pattern was also investi gated, but it was found to be

unsatisfactory because of the large volume of exchange solution required. .

6.4 Nature of the Oxygen Interference: Results from Matrix Exchange Studies’ -

The first objective was to determine whether the oxygen interference is limited to
the stripping step as suggested by rec=nt reports. There are six possible variations or
experiments that can be conducted using a matrix exchange system (Table 6.1). Since it

.. : . . . b oo » L
was decicd to conduct this investigation using a multivariable variance analysis model

110

with two levels, only deaerated and nondeaerated conditions were considered. Out of the

-

six possible combinations listed in Table 6.1, 1 and 4 do not yield results that are -

comparable with the r(esuhs from other situations. This difficulty arises from the continuous
- matrix exchange procedure, which hinders quantification and rcproduétion of* the
deposition interval in a no-exchange situation. As a result of this, the expériment was
cban'i.(‘:d out as a two-level, two-variable situation, allowing compaﬁsons to be carried out
with twp-factor variance analysis. , | |
‘fThe exchange/ background solution was 0.1IM KNO3 acidified with HNO3 to pH
2, resulting in an HNO3 concentration of 0.01M. The sample solution contained 50 ppb of
Pb2+ in addition to KNO3 and HNO3. Five analyses were done at each level. The sample

solution was.deaerated by bubbling’Nz throuéh the solution for 5 minutes after introducing

it into the cell. 'I'he*e/xcha;ige solution was deaerated in tﬁe reservoir (1 min foreach ml of
the solution). L |

The results of tﬁis experiment are presented as Table 6.2 with thc corresponding
ANOVA table préscntcd as Table 6.3. These results clearly indicate that deaeration of the

sample solution (Factor A) has no significant effect on the outcome. On the other hand

b

\
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Jable 6.2 Results from the Two Factor Variance Analysis Experiment

Sample Solution (factor A)

Non Deaerated

Deaerated
0.439 0.737
© 0.590 0.635
3 o) 7 ’
o}
© 0.543 0.738
o s
8 a 0.680 0.689
3 s | - - :
= z 0.598 0.684
S
"5 .
S
e 0.727 0.721
o - .
g .
£ - 0.748 0.693
X 2
g 0720 0.779
3 v
o 0.778 0.725
0.782

0.7;8
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Anodic Stripping Analysis

-

lble for the Comparison of the effect of Oxygen on

Sources Sum of Squares | Degrees of | Mean of the F
Freedom  |sum of squares
Between Rows
(Exchange solution) 0.0602 1 0.0602 - 20.§1
Between Columns
(Sample solution) 0.0153 1 -0.0153 5.29
Interactions 0.0255 1 0.0255 8.80
Within Cells 0.04628 16 2.892
F = F =
0.01.1,16 853 005116 %
\
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deaeration of the cxchangc'solut:ior':) is highly significant. This proves that the dissolved
oxygen effect is limited to the stripping step of the overall analysis. I_t‘ also dispfoves
Vydra, Stulik and J ulakova"s2 statemnent on the negative effect dissolved oxygen has on the
efficiency of the deposition step. Even without this evidence it is highly improbable that
oxygen would interfere with the reduction of the metal at this stage owing to the working
electrode usually b_eing held at a potential well beyond the reduction potcmiai of the metal
. being analyscd; Potentiostatic controlling systcfns being used for this purpose are capable

of supplying currents well beyond the maximum levels required for maintaining the

electrochemical reactions that can occur at the electrode surface at these potentals. If HyO»
(at the reduction potential of -0.8 V. Oy will not exist but will be converted i,to H7y0O») >is to
reoxidize lead which has been reduced and incorporated into the amalgam, it muét accept
two electrons per lead atom. The resulting Pb2+ jon will move ihto the diffusion layer but
is highly.unlikély to move out before it i1s reduced again. This csscntially means that a
molecule of peroxide gets reduced at the electrode instead.

Any increase in pH in the vicinity of the electrode as a result of oxygen reduction,

which consumes-hydrogen ions, can lead to formation of hydroxy complexes and

precipitates that can adversely affect the efficiency of the deposition step. However one can
expect the stirring précess inherent in the deposition step to work against these effects. The
increased flux that results from the stirring process should result in s'olmion flow over the
electrode surface, changing the environment of the electrode to a dynamic one, as opposed
tb the relatively stationary conditions that exist in a polarographic experiment.

During the cqtiilibration-pcriod,‘howcvcr, if the stirring action is discontinued as it
is when an HMDE is used in these studies, it is possible for an increase in pH to occur in
the vicinity of the élcctrodc. This will occur only in an unbuffered solution. But even so it
is highly unlikely to precipitate the metal being analysed since the effective metal ion

concentration is near zero in the vicinity of the electrode and the inward flux now is a mere
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trickle maintained by diffusive transpori. If the pH of the solﬁn'on is sufficiently acidic and
there are no other elements at higher concentration that can form a precipitate ét a higher pH
value, one cannot expect complications to arise during the equilibration period either. In
solutions of high pH problems can arise but one is always bound to maintain low pH
values in trace metal solutions due to solution instability and adsorption losses of metal ions
fmm high pH solutions.

During the strippinlg'stqagc at the reduction potential of lead, lead in the amalgam is
oxidized, giving rise to the desired signal. At the same time, oxygen diffusing to the
surface of the electrode is reduced and produccs H70).

Since the potential at the electrode is favourabl.c for fhe existenc_e of Pb2+, one can
expect an inté‘rferénce from this HyO». It is possible that HyO7 might react with Pb in the
amalgam, t};ough this is highly unlikely given thé highly negative E1/p of the HyO)
reduction reaction. This possibility was investigated using an exchange solution cohtéinin'g
HoO,. There was no statistically significant difference at 95% confidence level between the
results obtained with solutions containing H»O5 and exchange solutions which were HyO)
free. On the other hand oxygen getting reduced under the influence of the electrode
potential can obtain thé necessary clcctrons'from Pb rather thah from the electrode; i.e. one
might see an addition of these two reactions (an oxidation and a reduction) to give only the
net result as the signal. |

This argumeﬁt attempts to cxpiain the nature of ox'ygen interference, which really

manifcsts itself only during the stripping étagc.'l'hc oxygen inter_fcréncc results from a

chemical reaction which decreases the amount of electroactive substance oxidized during

the stripping §tage. It does not solely arise as a result of high background current from

oxygen rcduction.
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| In polarographic analysis oxygen removal is customary in ofdcr to remove the high
background signal but this type of an oxidative interference is not usual since most of the
reactions that are being used for analysis are réducn'ons:
Wang and Dewald44 have reported that they were able to overcome the negative
_ contribution from oxygen by subtracting the stripping curve of the background solution
from that of the sample using a flow injection analysis system with linear scan stripping.
Though this,results in a voltammogram with an impro?ed base line, unfortunately they did
not compare the performance of their system under deacrated and nondeaerated conditions.
However the main problem in this type of a system is the inability to match sample and
‘background oxygen levels. Attempts to duplicate Wang and Dewald's#4 experiment using
differential pulse stripping produced inconsistent dafa because of this problem. |
In a differential pulse stripping experiment, however, performing a background

~ subtraction does not remove the negative contribution from the oxygen reduction. This is

because of the wransformation of any flat portion on a linear scan curve into a zero level '

signal. A modification at the current sampling stage of the differential pulse operating mode
may possibly correct for. this, but such a modification would mean a- fundamental hardware
change in thé instrumental system employed for the present study. It might be possible to
do such a change relatively easily in a microprocessor based and software controlled

instrument.

>

A
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y ‘ Chaptef 7.
N

Open Beaker Digestions: Anodic Stnppmg Analys:s _

7.1 Problems Arising from Background Acidity

In any acid digestion procedure, the final solution obtained is highly acidic as a
result of residual acidity from ihc acids being used for dissolution. Even if one uses a
procedure with an evaporation step that removes mogt of the volatile acids, such as an oben
beaker digestion procedure, one is forced to employ similar highly acidic conditions in
order to dJssolve the resu]ung residue. Attempts to use 0.1M acid in placc of the 1M acid
the standard procedure calls for consistently failed due to low solublhty of the residue in
this solution. In order to dissolve the residue in this less acidic solution it was necessary to
boil the solution for more than an hour, which made this chafxge unattractive and
undesireable.

While a solution with an acid level of 0.5M may not be a problem in atomic’
spc.ctroscopic tcchniques79s86,17-3, in electroanalytical procedures high aéidity can lead to
a limitation due to high hydrogen evolution currents at the negative end of the potential
range accessible in an aqueous solution. Moreover, in a trace analytical situation where a
high sensitivity .sctting of the instrument is normally./ used, high hydrogen evolution
currchts can lead to a significant reduction of the potential window available. ’ |

Thls effect can be seen from the differental pulsc polarographlc curves shown in
‘ Flgure 7.1. Thcsc data are presented mamly to clarify the suuanon regarding the definition
of the cathodic limiting potentials. Wlth rcspcct to polarographlc and other electrochemical
methods employing a mercury electrode in an aqueous solution it is usual to define the
cathodic limiting potential as the onset of hydrogen evolution. Which is normally given a

pH-depchdént potential value in the range of 1.2 to 1.5 volt§4»3’5. But in practice the
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Practical Cathodic Limit in Ditferential Pulse Polarography.

These curves were recorded with a PAR 174A Polarographic analyzer
coupled té a dropping mercury electrode, with the current range switch
set at the tollowing values. |

A.05pA  B.1pA C.2 pA D. 5 pA E. 10va
Solution used contained 0.1M potassium nitrate and 0.01M nitric acid. At
the recorder setfting used, c:urrent axis scale is (current range)/zo pA

per cm. Current zero for all curves is at the indicated point.



sensitivity setting of the potentiostat also affects the hmmng point. ThlS is cspccmlly true
for high sensitivity techniques such as differential pulsc tcchmqucs

As illustrated in Figure 7.1, the hydrogen cvoluuon currcr}b onset point thgt limits
the accessible potential range moves in 2 positive direction with increasing sensitivity. With
a current range setting of IOuAidn the PAR 174A, hydrogen cQolution interferes above -
1.0 \./, while at a 0.5 A setting the rcgi;)n beyond -0.85V is not accessible. This may be
more clearly visualized as a sighal—noisc interaction. At low sensitivity settings or high
current ranges (for example, the 10pA range), a comparatidvcly small signal cannot be
measured accurately (within the interval -0.85V to -1.0V) because of the low signal to

noise ratio that appears to originate from the smaller size of the signal. One cannot improve

the situation by moving into a higher sensitivity range (for e.g. 0.5uA range) since this-

does not change the signal to noise ratio, but amplifies both. The noise in this situation is
the hydrogen evolution current. As in the example shown in Figure 7.1 it may increase so
" rapidly with increasing negative potenfial that the measurement system reaches saturation
even before the potential region of interest is reached. /) |
Itis possif)lc to obtain ?1 less acidic solution from an aci digestion process. With
small samples, dissolution of the final residue in a small amount of acid and neutralization
with a small amount of base can be used. Diluting the final solution after the dissolution of
the re51due ina relanvely concentrated acid solution w1ll also bring down the acid lcvel of
the final solution con51dcrab1y56 107 put with a corresponding decrease in the analytc
concentration. On the other hand it is often desirable to store trace metal solutions as highly
acidic solutions rather Vthvan use high pH, or large volume dilute solutions, making

neutralization or dilution undesirable if one plans to store the solutioh before analysis.

7.2 Dilution and Neutralization with Sodium Hydroxide

An obvious and straightforward way out of this is to store the resulting digcstéd

solution as a highly acidic solution and to dilute a small aliquot of this solution, and
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| neutralize with a‘basc if néccssary bcforc the analysis. Storing digested solutions becomes
ncccssary in the case of anodlc stripping analysis, since digestion of largc number of
samples or xephcates simultaneously ensures equal digestion cond' .ons and a savmg of
time, whxlc the analysis step is usually long with differential pulse stripping where slow
scan rates and standard addition techniques are employed.

After taking this decision the next step was to decide on a dilution ratio and a
diluﬁon solution. The problems encountered at this stage and the solutions proposed and
tested are diséussed in the next séveral sections of this chapter. These studies were don;’,

maihly using solutions obtained by digesting the reference soil sample using the standard

open beaker dissolution method.

The first attcmpis were directed towards diluting 1ml of the digested splution to Sml

- and then neutralizing this solution - with NaOH to obtain a background with an ac1d1ty
around pH 2. During the course of these experiments it was dJscovered that the amount of
iron in the sample was significant. Later analyses for iron by atomic absorptlon placed the
iron concentration at 1.25mmol iron/g of soil. The cadmium level of the sample was found
to be very low but a réasqnably high value was found for lcad.;As aresultit wa§§ necessary
to change the current sensitivity of the system during the stripping stage if both metals were
to bc-mc.asurcd. Though this }5 a simple manipulation in many instances, with the prescﬁt
instrumental setup it called for manual intervention in an otherwise automatcd analysis.
Therefore in subsequent expcrimer;ts the cmp_hasis was to develop and test procedures for
 the measurement of lead in the reference soil sample.

The titration curve shown as Figure 7.2 was constructed from the data ~obtained ina
titration of lmlnof a d‘jgéstcd solution (diluted to Sml wnh water) with IM NaOH delivered
‘ by a micro pipette. The titraﬁon curve is marked with a plateau near pH 4. A yellow
coloration starts to dcvcld%" around pH2.7to 3 and a clouc»lincssjzi;ound pH 6, followed by
a yellow/red precipitate of iron hydroxide at higher pH valucs These titrations were camed

out usmg a pH meter with glass-SCE clcctrodcs A contmuous stirrin - °ction was
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igure 7.2 Titration of the Digested Sample Solution with 1M NaOH.

1m! of the digested solution diluted to 5ml with water was itrated with
1M NaOH delivered from a micro pipet. pH was measured with a pH meter.

#
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maintained by the use of ‘a magnetic stirrer thrnughoua the titration. Usually a long
equilibration time was required between an addition of NaOH and achievemint of a stable
pH, cspcmally within the plateau region and while precipitate was forming. 'I"hc pH and
assomated colour changcs can be attributed entirely to changcs mduccd by iron.:
Prcmpltanon and po]ymenzauon of iron hydromdcs upon ncutrahzatlon of the
solution have ‘significant. ncgatlve mf}ucnccs upon the analysxs of lcad due to the
adsorpuon of lcad ions into and onto the prec1p1tated or colloidal 1ron hydroxide. It is

ncccssary to maintain a pH of 2. 7 or below in a sth of fivefold diluted samplc in order
to ensure that no iron colloxds exist. Addmon of IM IZZO}J in the range of 600 -IOOOul is

reqmrcd for lml of a digested solunon to brmg the pH of the solution to pH 2 after the )

fivefold dilution. A single standard volume of NaOH pannot be used due to vananonsm

-

ac1d1ty among digested solutions. .These “variations ‘may arise from sample weight

dlfferencef as wcll as from defercnces in heaung due to nonumform heat dlsmbunon on

thc hot plates These factors dctermmc the residual ac1d content of the re51due aftcr the final

'evaporation step of the qpen beaker digestion. Since the amount of acid added during the
’.. ,

dissolution or take up of the residue is constant for all samples, any variations in the final

o acxd content should ori gmate in the re51due after cvaporaﬂon In order to find the amount of

basc rcqum:d in cach case a rapid titration was done for each solution to be analyscd The

procedure was snmlar to the ,proccdure glven_ for the titration of the digested solution

described carhcr except the titration was tcmunated upon reachin g pH 2. It was necessary

122

to carry out thxs titration ori a scparatc portion of solunon because of 1i'npurmcs introduced -

_by the pH clcctrodc system Oncc the amount of base rcqulrcd to brin g the pH to 2 had

E

bccn dctcrrmncd a-fresh pomon of solutlon was dllﬁtcd ncutrahzed and used for the

, anodxc stripping stcp.v E




7.3 Effects on Anodic Stripping Ana]v~'.’.5' ’ ’ , u

Flgure 7.3 shows the anodlc smppmg curves obtamcd for soluuons prcparcd by

' dilution of 1ml of the digested solunon with 4 ml of water and ncutrahzanon with 600 to
© 100041 of 1M NaOH.
Though the lead peak is clear and well deﬁned itis preccdcd by a peak near - 0.7V.

This prcccdmg peak shows an abnormal and complicated bchav1our It sometimes appears

as a reduction followed by an oxidation, although only an oxidation peak was observed in

- most of the curves. In some voltammograms only an ill-defined disturbance occurs at this
: potential rfcgion.‘ -
This imerfe(rjcnceiis thohght 1o arise from iron, either from a transition involv:iig a
hydroxy complex of ferric ifon or through the a(féorption of ferric hydroxides onto the
mercury surface. But this is hardly hkcly to occur because of the low pH of the background

solution. It could also arise from adsorpnon of some other spccxes present in the di~esicd

_ solution.

This interference near -0.7 V, though it does not affect the lead peak directly, has a.

tendcncy to distort the basc lmc of Lhe voltarmnogram in an unreproducxblc manner. Thxs

makes 1t 1mposs1b1c to measure the lead peak helght w1th satisfactory precision,

7.4 Dilution without Neutralization:

" The effect or interference at - 0.7V should originate from some phenomena

associated with iron since it disappc‘ars upon precipitation of ferric iron at a hi gher pH. But

prempltatlon itself cannot be used as a means of suppressing this effect due to thc serious

negative cffccts it has on lead measuremem (Fxgure 7. 3) Neither the addition ot:tascorblc

" acid nor the addition of hydroxyl_armnc hydrochlondc to reduce ferric to fcmus iron gave

a satisfactory solution to this problem. Dilution of the solution, however, was effective in

~ removing this effect due to dilution of the matrix components, including iron. Dilution of a
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100u1 portion of a digested sample to 5m} with water results in a solution with a pH around
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: Lead

Lead

10 |V o ’ +0.5

: -4
Figure 73 Eﬂéct of Dilution and NeUt_raIization on Anodic Stripping Ana!ysi's.
- Stripping curves are shoWn jof the following solutions.
A. 1mI digested solution + 4mi water + 900 pi 1M NaOH..';H « 201
'B. 1ml digested solution + 4mi water + 800 pl 1M NaOH. pH = 2.18
‘C. 1mi digested solutiE)ln + 4ml water. +v IM NaOH to pH 4.
(Al curves were fecorded at the same sensitivity. Curves A and
B show the unpredibtable naturé of_ the. imerférénce observed near
-0.7V. C‘urve C, recbrded at a highef pH shows the effect of irpn
'precipitatidn on the lead peak. This reduction may be: arising from

| adsorption of lead on to colloidial iron hydroxide pre(:ipitate).

\
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2. Under these conditions the corresponding voltammograms show excellent base line
- stability (Figure 7.4). This dilution drives the solution lead level into the ppb range (usually
around 10ppb) however, thus adversely affecting the reproducibility of the total procedure.

7.5 Use of Buffers and Inert Electrolytes:

Thoﬁgh a direct dilution was found to be sétisfactory in the terms of anodic
sy.ripping voltammograms, it was soon found to be impractical for comparison of results
from different digestion systems. EmphasiS* at this stage was to develop the
‘ diiution/analysis proceduré to such a level that the main background effects result from the
diluent solution rather than from components of the digested solution. This dilutioﬁ should
also act favourably against thé effects of any complexing phenomena, since the freé metal

fraction for a given complex increases with dilution.

125 =

Since different digcstion procedures use different acid levels and sample weights,

acid concentration as well as the analyte concemrauon varied depending on the proccdure
bcmg used. This makes it difficult to use the same dilution ratio of 100u1 to Srnl for all
digestion procedures. It is much more desuable to control the final pH value of the solution
by some independent means rather than leaving it dependent on the digested solution
composition. Incorporation of a buffer into the backgroﬁnd solution or the diluent is the
most favourable resolution of this problém because it makes t-e anodic stripping s.gment
of the analytical procedure independent of the digcétion procedures, thereby allowihg

¢

intercomparison of different digestion systems.

Chloroacetic acid buffers were tried, but were found to hévc very high background

currents beyond -0.8 V. Thxs may bc aresultof a rcducnon proccss associated with this

compound or may be due to an impurity. One possxbxhty in ovcrcormng this problem is to

use a high current range during the dcposmon step to avoid saturation of the current

measuremrent circuitry on the potentiostat and to increase the sensitivity during the
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“Effect of Dilution to ppb Range on Anodic Stripping Results.

Stripping curves are shown for thé following solutions.

A. 1ml ofv'samble (ak+ 5 ml water adjusted to pH 2 with 1M NaOH.
B. 1ml of sample (b) + 5 ml water adjusted to pH 2 with 1M NaOH.
C.0.1ml Qf sample (a) + Sml water

D. 0.1 ml of sample (b) + 5mi water.

Deposition'time was one minute for A and.B and two minutes for C and D.
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cquilibration step. If some time is allowed for cquilibratior_l before the stripping step a
satisfactory rc_sult can be obtained. This was considered an unnecessary complication and
attention was therefore directed to the possibility of using ac;ctatc buffers.

Acetate buffers gave good results even when acidiﬁed to pH 3. The buffer used

was purified via bulk electrolysis at a mercury pool cathode as described in the chapter on

reagent purification. One molar buffer solutions obtained by this process were diluted with

water. Acidification to pH 3 was done by adding concentrated nitric acid before dilution.

. -The titration curves such as that shown in Figure 7.5 were u§cd to determine the
amoun: of acid required. As can be seen in this curve the pH 3 point lies at the edge of the
acid side of the buffer region. This'promptcd the use of pure acetic acid inﬁtcad of aceiic
acid/acetate mixtures; acetic acid for this purpose was purified using isothermal distillation

as discussed in Chapter 4.

7.6-Use of a Predeareated Diluent:.

In anodic stripping voltammetry it is customary to earry out the deaeration or

purging step in situ, immediately before the deposition step. From the data presented in
R \ ' .

Chapter 4, it follows that deaeration for the instrumental setup used in these studies should

bé at least five minutes. Since the developed procedure called for a dilution step before

analysis, which can be conveniently carried out in the cell itself, a predcacrated. buffer .

solution was used for this pufpbse. The result of this was a drastic reduction in the
deaeration time, to one minute from the previously required five.

Deaeration of the buffer solution was carried out in a repipette dispenser bottle fitted
with a 5ml dispensing syn'n'gc'. This dispenser was calibratcd- by weighing the amount of
water delivered following pi‘pct and buret calibration prbccdureslz“. The volume delivered
from this Cispenser was found to be 4.981+0.006 ml, which translates into a rclaﬁve

standard deviation of 0.1% ' &
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Figure 7.5 Titration Curve for the Titration of Acetate Buffer Solution with Nitric
Acid.
5ml of 1M acetale buffer solution was titrated with concentrated nitric

acid delivered from a micro pipet. pH was measured with a pH meter:



The storage bottle of the dispenser was filled ﬁm the background solution which
usually was 0.1M each in acetic acid and potassium nitrate. Deaeration by passing a stream
of deoxygenated nitrogen was carried out for a time period that satisfied the purge rate of
1min/ml, i.e. about 8 hours for a 506 ml portion. Tﬁis operation was cOnvcriicntly carried
out overnight. . | |

Micropipets with pre-calibrated tips were used to diépense sample solutions as well

as the standard solutions for the standard addition procedure.

7.7 Method of Ouandﬁcatioh; Standard Addiuon:

The usual method of qﬁantiﬁcatiqn for voltammetﬁc methods is standard addidon, 'a
practice carried over from polarographic mcasuremcm.s. The main reason for standard
addition is to cdmpensate for matrix interferences when ;1 large variety of samples are being
analysed. Standard addition methods enable one to lge' more flexible about the sample
composition but do not offer any -advantage over a calibration curve approach in terms of
imeffcring signals. It will, however, eliminate the effect of adsorbed substances if their
interference is physical in nature, that is, if they interfere with the deposition step by

increasing or reducing the flux to the electrode or by limiting the available surface area of

the electrode. Since it has been demonstrated that organic impurities can act in this fashion

in ‘a non-reproducible manner, varying from one sample t;\a’nother, standard addition

techniques were used for quantification in all of the analyses dong with digested samples.

The smallest confidence intervals for the standard addition results are obtained |

when the number of measurements are large and with more measurements at the cn_ds of the
concentration rangel25. On the other hand it is advisable to obtain data from at least three
concentrations to establish a linear rclagtiénship, though it is not necessary to do so if the
éxistcncc of a linear relationship is certainly known, as it is here. Howévcr, at least two
additions were done in all analyses to obtain data that would allow more precise

understanding of the procedures used.
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For open beaker digestions, 100p1 to Sml dilution was found t§ result in a solution

with a lead concentration of about 10ppb. Two 10u1 additions of a 5ppm standard solution

increased the total lead concentration to about 30 ppb in two 10 ppb steps. At least four
voltammograms were recorded at cac‘h point giving a totallof twelve data points. Standard

solutons of 5ppm lead were prepared by diluting a 0.5ml aliquot of a 1000ppm stock
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standard and 70ul of cohcentratcd nitric acid to 100ml to give an acid level of 0.01 M. The

1000ppm stock standard was prepércd according to the procedure described in Chapter 4.
Standard addition procedures suffer from baseline correctidLn erTors, so it is
essential to correct each data point for baseline values. In a calibration curve précedure 'a
constant baseline value can be tolerated since its final effect will be to shift the cz;libradon
curve along the signal strength axis. If the sa’me baseline value is observed for the sample
signal, the same value for the sample concentratiqn is obtained. In standard addition

methods, this baseline value always translates into a systematic positive error on the final

concentration result. For this.reason stripping peak heights should be read not from the

current zero line, but from the baseline constructed by extrapolating the portions of the

curve before and after the peak. The tangential method used to correct for baseline error in

the peak read section of the main control program DPASYV provides a close approximation »

for this extrapolation.

7.8 Data Analysis Procedure

The standard addition procedure described abo,ve‘rcsultcd in twelve dé’ta points per
samplé with four pbints at each concentration. Program DASTA listed in Appendix 1 was
used to éa]culatc sample lead values as well as solutioﬁ lead concentrations and statistical
parameters from these data points. | |

When presented with péék heights with corrcspondi}mg Standard“conccntratfons that

- are corrected for volumetric calibration cirors, DASTA performs a Q tcst'(9,0% confidence

i

level) at the ends of the signal ranges for each conccntraﬁon level. Data points that get

b



through this Q test are used to construct a ﬁncar regression line from which the solution
lead concentration is calculated. This concentration value and the calculated standard
deviation together with the sample weight and the dilution factor (milliliters of analytical
solution per sample weight) is used to calculate the léad level of the original sample and its
uncertainity. | |

All the data points, arranged m & descending order within é"ach concentration range,
along with the data points rqected on the basis of the Q test, are included in the printout
issued at the end of the calculations. 'I'he statistical data provided mcludes both the i mtercept
and the slope of the line together with their respective standard deviations, and the standard
deviation and relative standard deviation for both solution concentration and sample lead

levels. An example of this output is shown in Figure 7.6.

’ 7}%29@1 Analytical PrOécdure: o
The final analytical procédurc evolved from preceding studies is written here in a
stepwise manner for clarity and simplicity.
1. Deaerate background diluent solution (0.1M acetic acid, 0.1IM KNO3 in watcr)
2. Pipe’t required amount of digested solution in to a clean dry Teflon cell containing
a magnetic stirbar (100u1 for open beaker digestions).
3. Add 5ml of deaerated diluent solutibp frqm the dispenser.
4. Insert the cell in SMDE cell holder.
5. Set instrument parameters.
6. Run tﬁe analysis (four runs).
7. Add le}\,U of Sppm standard solution.
8. Rerun the anaJysxs (four Tuns).
9. Repeat steps 7 and 8.
-10. Analyse data usmg DASTA.

ra
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STATISTICAL EVALUAT

SAMPLE :CSS M100 13

ION OF STANDARD ADDITION DATA

. DATE OF ANAL.:28 DE 87

SPECIES:Pb SAMPLE WT:.99705
DILUTION :2550 -
DATA STD.CON  PEAK HT.

! 0 .200909

2 0 196427

3 0 193921

4 0 190226

5 10 .462154

6. 10 .861914

? 10 .460554

8 20 .692715

9 20 652841

10 20 612362

1

20

LS. LINE Y=asbX
a=,207052
5.d.(2)=,0143989

SOLUTION CONCENTRAT

610237

. b=.0223337
5.d.(b)=.00109559 s.d.(Y)~.030988

ION (ppb)=9.27087 ‘ :
s.d.(ppb)=.788982 S ¥

" SAMPLE CONCENTRATION  (ppm)=23.7107

rejected

Os U & W N
O OO0 —o

s.d.(ppm)=2.01786
r.s.d.(%)=8.51034

0
451513

T oo o

Figure 7.6 AnExample of the Results Output from DASTA.
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10 Origin of Colour in Open Beaker Digested Sampl
Open beaker digestions carried out using the method described in Chapter 4
sometimes result in ycliow-coloured solutions. The crucial point that dctcm;incs the colour
) k of the digcstcd’solution was found to be the final evaporation step. Whilc an ¢vapofation to
\a]ng,dryncss produced a clear solution, stppping the cvaporétion before this point a]ways
led to a yellow solution, the i‘ntcnsity of the yellow colour being inversely proportional to
" the degree of dryness or the length of the evaporation step.

This observation léd to a brief study to determine the-origin of this colour. In
general, a colourle‘ss-solution is more desirable; colouration might indicate 'mcémplete
digestion. Hsu and Lockc79 present data that leads to the assoc1anon of colour of the
digested solution with 1ncomplete oxidation of orgamc matter prescm in the sample They |

“have observed a decreasc in colouration with an increase in the amount of perchlonc acid
used in a bomb digestion procedure that does not involve any evaporation step.

A prepared reference soi] sample which is dark brown grey in colour forms a
reddish brown suspension upon heating with concentrated nitric acid in the first step of the
open bcaker‘ digestion procedure. The next colour change takes place well into the
evaporation stage when the solution sfans fuming. By this time the inigjial solution volume
of 60 ml hés come down to about 20 to 30 ml and the red colour of the solution starts
changing t'O;l darkvyellc;w. This solution on evaporation leaves a brown red 'pasty solid
which turns into a light yellow residue if left furnihg for some time, This final fuming step
tends to yield a colourless solution upon dxssolvmg thc re51due in 1M nitric acid. -

On the other hand, both SO- 1 and SO-2 standard soil samples produced a greemsh
yellow suspension upon heating w1th nitric amd,_whlch turned into an ash colored one
up(')n thc- addition of HCIO4. All solutions were clear and colorless after the heating step
with HF (one hour at 80°C ) No solids were present at this stage. All the ﬁnal‘ solutions

obtained from these digestions were colorless.



>

UYV visible spectra of the colored solutions obtained from the digestions of the

prepared reference sample (Figure 7.7) show a strong absorption peak around 320nm that

tails well into the visible region of the spectrum. These spectra were recorded using a’

Hewlett Packard Model 8451A diode array spectophotometer. Solutions were read against

a 0.5M solution of ‘nitric acid in double distilled water.

Upon dilution, the peak near 300nm see—ms’to/r;);vc and collapse into the peak near

260nm. This behaviour is not clﬁy ui;dcrstood. The diluted sample was still yellow and
the absorba;éj value near 400M#h was found to be higher: for yellow solutions than for
colohr]es_s solutions (Figure 7.8).

These UV visible spectra. show a close rescmb}éncc to the UV visible spectra

reported in the literature for aqueous olutions of ferric salts126,127,128,129 gince these

reports do not provide sufficient data for a definite identification, it was decided to record

134

the spectra of ferric ion in 0.5M nitric acid for several common anions. UV visible spectra -

for the following solutions are shown in Figure 7.9.
a. 1mMol iron (III) sulphate in 0.025-M KCl |
~ b. ImMol iron (II) sulphate in 0.02 M K»Cp04
¢. 1mMol iron (1) sulphate in 0.1M EDTA
d. ImMol iron (IOI) sulphate in 0.1 M KCI

~ Iron (IH) was ‘added as a sulphate solution, but the addition of an excess of a

secondary anion that is capable of forming a complex was assumed to rcmovc"a_ny effect

) from sulphate. All solutions show similar spectra with minof changes in the maximum
Wavclcn gth of absorption. In general two peaks are observed with peak maxima occurring
" in the 260 and 320 nm regions.

o From these data it was concluded that the ycilow colour is’ due to ferric ions
-complexed ﬁw‘ith a complex forming 'ariion (ligand). Colourless digéstcd Sdlutiqns turned
yellow upon addition of KCl, K2CZO4 or EDTA, which confirmed the above conclusion.

It was also observed that the yellow colour of the digested solutions is extracted into methy!
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- Visible Spect‘r'a of the Digéted Solutions.
Four spectra shown were produced by four different digested solutions. Sqlutions used for B and C were visibly

yellow.-D had a slight yéllow tint and A was almost colourless.
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isobutyl ketone, which is a characteristic of chloro complexes of ferric iron. Ferric oxalate

solutions prepared failed to show such behaviour. This result indicates a high probability of

fhe existence of one or more yellow ferric chloro complexes in the digested s_olution.

- Residual chloride in the final digested solution may either originate in the original so#l

R

1

"sample 1tse1f or may result from the reduction of perchlonc acid. The p0551bility of

formation of oxalic acid upon oxidatiqn of organic matter with perchlortc acid has been
hinted by Smithl30 Formation of oxalates upon ‘peroxide oxidation of soil is a known’
phenomenon131 132, | >

An attempt was also made to ‘extract any re51dual orgamc compounds intQ

chloroform but an _in\fr’ ared spectroscopic “analysis of the chloroform layer failed to reveal
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the presence of any such impurities. This may be due to either thetr nonextractability into

chloroform or to thetr very low concentrations.

711 Results of the Anodtc Stripping Analysis

“Tables 7.1, 7 2 and 7.3 list data for the analysxs of samples digested using the open

beaker procedure. Data for the certiﬁed reference materials SO-1 and SO-2 show good

agreement with certified values, indicating that the analysis can be considered accurate. Use

of the standard addition technique complicates calculation of the precision of the analysis.

“When severd! portions of the same sample has been analysed, the result for each analysis

B

‘has an associated precision. This value ‘results from the lmear regressxon calculation

process (using DASTA). When the data for the whole set of anatyses are being c0n51dered ,

a mean value for the lead level can be calculated readily from the set of reported
concentrations. As a measure of precmon one can elther use the standard deviation of this
set or one can calculate the ‘mean value of the set of standard de /i ons reported for

mdiwdual analyses thure 7.10 illustrates the ongms and the relatonships between these

~ values and the analy”‘hcal scheme The variance that results from the standard addition

calculation, 4§ sxmply a measure of the variability associated with the standard addition



Table 7.1 Anodic Stripping Data for the 100 Mesh Oben’ Beaker Digested Samples

;;51 .
" sampleNo. |  Lead Found Standard RSD %
- (ppm) Deviation
_(ppm)
81 29.7 : 1.8: | 6
02 28 . 1.1 4
04 . 38 7 3.3 9
05, 335 26 8
06 38 . 4'4 11
07 298 05" 2
09 35.5 3a 9
10 “37.8 - 32 8
11 329 32 10
13 23.7. 2 8
14 23.1 15 7
15 28.7 19 7
17 30 0.92 3
19 30.1 0.96
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Table 7.2 Anodic Stripping Data for the 200 Mesh Open Beaker Digested Samples

Sample No. Lead Found Standard RSD %
{ppm) Deviation
- {ppm) =
01 31.5 1.7 5
02 27.3 0.67 2
04 253 0.61 2
05 28.0 25 9
06 23 9

27.0

Table 7.3 Anodic Stripping Data for SO -1 and SO-2 Certified Standard

“Reference Soils - Open Beaker Digested Samples

Sample No. Lead Found Standard RSD %
(ppm) Deviation
: : (ppm)

01 19.7 0.73 4

SO -1 . : \ :
02 18.9 0.91 5

~03 . 229 2.06 3

02 24 .1 - 1.6 7

03 21.0 0.65 3

Certified Lead Content for SO-1 and SO-2 is 2124 ppm.

140



Analysis
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Standard Sample
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1g Sub Samples

" Used for Digestions

Digested Solutions
(50 mi)

100 pl Portions
for Analysis,

Raw Data From
Standard Addition
Procedure

Concentration and
Standard Deviation
Estimate from

Data Reduction
through DASTA
Expressed as Pb

Levels in the Original

Sample

Figure 7.10 Sampling and Data Analysis Procedure and the Rela_fjonship Between

Statistical Parameters.

Data points p1 to p4 are generated by analysing the diluted 100ul
portion four times. Standard solution is added to the cell at this
point. Next four runs give data points p't to p'4. Third set of data
points p"1 to p"4 corresponds to four runs performed after another
standard addition. ‘ ,
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proccdurc and the anodlc stripping mcasurcmcnt process. If we define the part of the
proccdurc that starts with the mtroduction :c;fjthc sample into the anodic stripping system as
the analysis step, this value can be conmdere& as a measure of variability associated with

the analysis step. A better estimate can be obtained by taking the mean of several individual

estimates. It is important to realize that this avcragmg step is being p@rﬁoxmcd in order to

obtain an estimate of the variance associated w1th the standard addmon measurement step.
f

‘It does not result in an estimate of the van(ance_‘agsqu_xatcd with the mean lead level calculted

by averaging the individual lead levels. This estimate can be found by combining the

indi-vidual,}variancc values following the rules for such a calculation. If Xj.......X, are
independent random VVan'alv)lcs' and if U=23;X] then V(U)=Eai2V(Xi)125. Evcﬁ an estimate
of variability of the mean lead level calculated using this relatioriship does not reflect the
variability associated wi’th the subsampling and digestion operations. An independent
estimate of the variance of the individual lead level data set can be considered more
satisfactory for this estimation. Table 7.4 summarizes these arguments. Table 7.5 lists the
values of these para‘meters for‘thc samples analysed.

Lead levels found for SO- 1 and SO-2 certified rcfercnce materials lie within
certification limits. This confirms thc applxcablhty and accuracy of the analytical procedure
developed. From the point of view of precision the results obtained for these certified
materials can be consider‘ed, to be comparable or better than the precision reported for the
certification process. |
| Estimates of the variability of the analytical step (V';) show some dependency on
the sample type, prcsufnbly arising from the strong matrix dependency of the technique.
However, the relative standardv deviation values, which are a more comparable x'ncasurc of
the variability, do not show much vaﬁation.

The variance estimate for the subsampling and digestion stép is abnormally high for
the 100 mesh sample which can be considered as an indication of th.c, poor homogeneity

characteristics of this coarse sample. From these results the lead level in the prepared
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sample caﬁ be stated to be 31+ 5 ppm for the 100 mesh sample and 28+ 2 pprri for the
separated 200 mesh fraction of the soil. These values are based on the variance of the

sampling digestion step, the step which shows the highest vanability.




Chapter 8 ' )

High Pressure Bomb Digestions: Conventional and Microwave

8.1 High Pressure. Bomb Digestions: Introduction
One of the disadvai\ih‘tgges of open beaKer digcstidns is their length. The open-beaker

bractd

igestion step alone will usually take at least six hours to be completed with the evaporation
sttltps (cSchia]ly the final evaporation to dryness) being the most tim_é-consuming steps.
-However one cannot leave out these e vaporation steps since the higher temperatures and
concentrated conditioris are necessary to achieve total dissolution of the sample. This is
particularly true in pcrchiéric acid digestions, since the oxidative properties of perchloric
'cicid are temperature and concentration dcp,cndcntlg’o. Oh the other hand the differential
pulse anodic stripping procedure is also a tiine intensive process. With a one minute purge,
two minute deposition, half a minute equilibration' and aypotémial scan rate Qf 5mV per
second (from -0.9V to 0.0;/) a single run tgkcs close to seven minutes. Under these
conditions to quantify one s lution with two standard additions and four runs at each level,
which amounts to four data points at each level, takes about one and a half hours. This is'
excluding time for calculations and other opcratiohs such as system startup and solution
preparation. i |

:LFor these reasons it Was felt that any improvémcms in digestion procedures
regarding the length of the digestion were both useful and dcsircabié'. As pointed out in
Chapter 2, one way .to cut down the digestion time is to cmploy‘hig‘ﬁ‘ pressure digestion
techniques. This allows one to perform a digestion under rnori: drastic conditions v:/ithout
using lengthy evaporation steps. In this regard the use of a stécl jacketed Teflon bomb
(which can be termed a conventional bomb) was investigated. Another object of this

exercise was to investigate the applicability of a pure nitric acid digestion reported by
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Reddy et. al 56 for the prepared reference 'samplic. Expcﬁmcntal details of the procedure

used are listed in Chapter 4.
A second set of digestions was carried out using mi- ~»wave heating, as an

extension of the®observations made in conventional bomb ngcsnon cxpcnmcnts The

microwave proccdure was thought to be a more attractive tcchmqut because of the very .

‘short digestion times rec‘;uned. Anodic smppmg analyses of the dxgestcd solutions were

carried out according to the procedure described in Chapter 7 (section 7.9). Tb;e‘following

sections of this chapter discuss the observations and results from these experiments.

8.2 Teﬂon 1.ined Steel Bomb Digestions,

Digestion of the standard sample using nitric acid in a Teﬂon lined steel. bomb failed
to dissolve the sample complctely Only four digestions were carried out in this manner
Two were done with 100 mesh samples and the other two with the 200 mesh fraction. In
both cases, a residue rcmamed Since a low samplc weight was used in these d1gest10ns as
indicated in Chapter 4,a corncspondmg increase was made in the solut]on aliquot taken for
the anodic smppmg analysis. |
| The residue which remained after digestion was rcd in color, while the solution
pro&nccd_ was light yel‘low, suggesting that most of the iron :con‘taining fraction rcmajncd-
undissolved, or perhaps the iron was converted into an oxide that is resistant to the attack
of nitric acid under the conditions used. These solutions were'ﬁltercd through pn:-weighed

smtcred glass ﬁ]ters to separate the undissolved fraction. The undassolvcd fracnon collected

was rcwc1ghed afler drying at 105°C overnight in a glass drying oven. The residue when

_ dncd was light brown Re51due weight and ana]yncal data for the 200 mesh samples are

pn:scntcd in Tab}cfS 1. Only about 30% of the sample was dJssolvcd However the amount

"'u

~-of lead founﬂ is %’8 19 ppm. This value agrees well with the amount of lcad found in the

; ‘open beaker digested samples (2'7:81 ppm): Onc explanation might be the complete

.
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~ Yable 8.1 Dissolution Data for Nitric Acid Digestions in Teflon Lined Steel Bombs

&

Sample Sample Weight | Residue Weighti % Dissolved | Lead Found | Standard
(9) (9) (PPm) Deviation

M200-01 0.3041 - 0.2109 30.7 27.5 2.3

M200-02 - 0.3448 0.2429 29.6 289 29

30.1 28.19
Average Values
4
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dissolution of the lead-bearing minerals. A reprecipitation of some compounds after a
complete dissolution that removed lead into solution is als.“ oo ibility.

An imprbvemcnt in the amount dissolved was sougnt | ,‘ .Jdding HF to the digestion
mixture. This resulted in complete dissolution of the sémplc, producing a solution that is
more yellow than that‘produced by nitric acid alone. In this case ‘é:moval of cxécss HF is
ncceﬁary before analysis,_‘becausc of the adverse effects it can cicrt on the proper

functioning of the hanging mercury drop electrode and the toxicity of HF. Even though the

glass etching effect of HF on the glass capiilary' may be negligible, even at a low

concentration the presence of HF can lead to a rapid deteroriation of the tetramethy] silane

layer applied to the tip of the glass capillary. This siliconized layer is necessary to increase

the hydrophobic characteristics of the capillary. Deterioration of the hydrophobic properties

leads to solution creeping into the capillary bore, ultimately resulﬁng in capillary failure.

The capillary used in the Model 303 SMDE is especially vulnerable to this problém because .

of its large bore size. Even washing the capillary tip with concentrated nitric acid, a usual

cleaning procedure witﬁpolarographic capillarie§ and manual hanging mercury drop

}

assemblies, was found to affect the capillary lifétime'advérscly.

Removal of HF can be done either by évap_orating the solution to dryness or by

_ using a cbmplcxing agent to bind fluoride. With an electrochemical procedure which tends
to differentiate and to be seriously affected by complexation of thc;analyte, an evaporation
step is more desixveablé?évThc only compiication introduced by evaporation is the time ii takes
to evaporate the solution. In order to 'vminirnize' loses that can occur via solution splashing
and possible volatilj'ty'of lead salts gt“high‘cr temperatures, c'vaporaﬁon has to be conducted

at the minimum temperature possible, leading to longer evaporation times. For open-beaker

digestions using perchloric acid this final evaporation step was conducted at a temperature ’

close to 200°C, and usually took four to five hours. Since the bomb digestion itself takes

close to two hours on the average, an evaporation step followed by a redissolution step-

-willﬁbring the length of the digcstion-opcfation very close to that of an open beaker
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digestion. For this reason a boric &cid complexation method was tried with these samples,.

This procedure, which was described in Chapter 4, gave satisfactory'results-in a
[}

prehrmnary analy51s A proper expenmem w1th cnough data to enable a statlst1ca1

companson was not carried out to check the vahdtty of &us observauon mainly because of

-

the limited number of bombs that were avallable and for the reasons given below.

Bomb digestions using Teflon lined steel bombs were abandoned at this stage since

A

it was felt that rnicrowave:‘digestjons using Teflon. bombs were rnore'att:actiVe and more

" appropriate. Among the practical problems that were encountered during the dlgCS[lOﬂS ,

usm§ Teflon lined steel bombs, the solution ‘transfer problems should be particularly
mentioned. The Teflon liners used in these bombs have a tapered upper edge which makes
it difficult to pour out the solution after the digestion operation. One remedy nﬁght be 10 use
a Teflon rod to' fiacilitatesmooth solution trangfer but since there is no spbut (ason a
beaker) to hold the rod in place this is not an easy operatlon In some 1nstances the Teflon
liner was found to become deformed shghtly after a dlgestlon which made it difficult to
remove the liner from the jacket. In this case cooling the bomb in ice was found to be

effecn’ve.

8.3 Bomb Dlgsnonq Usmg Mlcrowave Heating

150

- Microwave ngestlons carried out as descnbed n Chapter 4 produced solunorrs that . -

_are comparable to solutions obtamed by conv‘ennonal bomb ngesz_non procedures. A total of
" sixteen digestians were done using this procedure. This digestion with a mixture bf nitric
and hydrofluoric acid Was capable of dissdlying 98.5% of the sample. Residue after
separati()n,\as described in the last section appeared black artd remained black even after
drving at 100 °C evernight This is remarkable when eompared with the digestibn times

that were requtred for open beaker digestions and conventtonal bomb digestons.

Howevedlthe blank Iead value for thxs digestion was found to be fairly high. A.

blank containing no lead produced a 51gna] corresponding to 3.51 ppb of lead in the
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analyuca] solution which was presemed to the anodic smng system This blank value -

may result from the reagent grade boric acid that was used for t'he complexanén step,g o

Consequemly a blank value subtraction was mtroduced beﬁfare ‘calculating the «sample '

oncemratlon from the anodlc smppm g data “i -f.@s;»' ‘
e }:(u : .,.“’
G,

The lead content found in this manner was significantly lower: than‘that fbund from

7H
A

the open beaker ngesnons or with pure nitric acid d.;gestlons in convenuona1 Teﬂon Iu’ied

steel bombs (Table 8.2). ‘Since the fraction dissolved was found to_be high enough for the -

dissolution to be considered complete this difference in the amount of lead found possibly
:’%
originate from the presence of some lead in a none]ecnoactwe form. This can occur via

complexation with a sample component. Formatlon of a lead fluoborate complex is a

possibility. On‘the other hand an-adsorption of lead on the undissolved residue as well as

nondissolution of a significant lead bearing mineral fraction are also possible;
Micquv;iiigested sainples were found to rea(;t with .mercuryveven after dilution

with the acetic acid solution which-was used as the b ckground electrolyte. This action

results from the oxidation of mercury by ferric-iron present in the digested samples. This

- was observed with open beaker digested samples when used without dilution, but
dlsappeared upon dilution. The presence of fluoride IOHS in the microwave dlgested'
samples may be accelerating this reaction. Formatlon of a mercurous hahde film on the
rnercury drop cannot be ruledsout but this should not interfere with the ana]y51s since the -

potential of the electrode was maintained at a cathodic value throughout the whole analytical -

procedure One annoymg result from this behaviour is occasional plugging of the capillary.
This usually occurred when a sample solution was left in the cell for a time after the
analysis. Though extrusmn of several mercury drops restored the caplllary function,

prolonged exposure of the capillary to solution in an open circuit.situation may lead to

disastrous results. As pointed out in Chapter 3, capillary mulfunction was & m@jqf-problerxi'

with the Model 303 SMDE.
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Jable 8.2 Anodic Stripping Data for the 200 Mesh Microwave Digésted Samples

3
Sample No. Lead Found Standard Deviation | RSD %
(ppm) (ppm)
" o1 222 2.1 10
‘ 02 20.7 1.0 5
03 22.0 1.1 5
04 18.2 1.4 8
05 201 0.9 4
06 15.8 1.8 11
07 23.3 1.9 8
09 19.5 1.0 5
1% 14.6 1.3 9
11 20.3 1.8 9
12 18.6 1.5 10
13 15.4 1.0 6
14 15.1 0.5 4
15 14.9 49 33
16 18.5 1.4 7
.3
Reduced Data
C (ppm) V, o, V= o2 Ve S
2 .
. A
18.6 35 1.9 0.23° . 0.48 8.3 28
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thynb considered collectively, microwave digestions cannot be considered
successful in this ’z.inalysis. H‘owc?grésinc'e purc nitric acid digestions were found to be
adequate for the cxtraction of lééd from the 200 mesh standard szimplc, microwave
digestion procedures ut1112.1ng that approach caqwehdcd In the case of

HNO3/HF dlgcsnonsqan cvaporanon step to remove HF rather than the bonc acid

complexation shou‘} provide an answer to the problems encountered. Statistical parameters '

for the microwave digestion results are presented in Table 8.2. When compared with the

results obtained for open beakerv’digcstions (T-;iblc 7.5), the precision of the anbalysis step

shows slight deterioriation. Obviously the subsampling and digestion steps have performed i

.y
more poorly.

A
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Chapter 9 N
Conclusions
\

In many electrochemical techniques chloride and nitrate anions are treated as ’

somewhat inert species. For example, in polarographic techniques one may not see a

difference between these anions except for the effect of chloride on mercury oxidation.
However, the results prcscmcd in Chapter 5 indicate that this is not so in anodic stripping
analysis. Thc difference in sensitivity in these two mediums may not appear that

-

Jg p&scm analytical condmons if high detection limits are sought. But the

trend yfdwafés m.ore and more sensitive analytical tcchmqucs and lower and lower
detection limits, may make minor differences like these important. The effects of salt
bridge leakage on the precision of the analysis seem to become muchmore impdrtant as
the’ ;ensitivity' increases. Use of a potassium nitrate salt b%_gc can pe strongly
recommended in anodic strippin g, at least in the case of lcad‘ and cadmium analysis.
Oxygen interference in anodic stripping»was. shown to be conﬁn.cd to th;
stripping or oxidation step. The prc.‘s;{ce of oxygen does not pose any adverse effects on
the reductlon or deposmon step. The results presented confirm thlS observation, which |

has been reportcd by many workers The comroversy surroundmg ‘the mcchamsm of

o§ygcn mtegfercncman be explained to some extent by thc neutral behaviour of hydrogen

. peroxide; it 13 the presence of oxygen not hydrogen peroxide that affects the stripping

results. The reductive rc'actio,n of oxygen.can interfere with the oxidation of the analyte
during the stripping process. One implicatio \Qf this c.>bse‘rvatiﬁon is the possible adverse
effect mercuric ions <;an have duﬁng the use of a thin mercury film electrode ;Slatcd in situ .
for anodlc smppmg ana]ysxs | ‘

Use of a p“cdcaerated Smppmg soluuon with a nondeaeratcd sample in a matrix

-

_exchange systém can be pointcd out as a positive application of this observation, Use of a
Nemen " :

-~

3
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flow system for this purpose, probably in a flow injection format, will not only allow

* faster analysis but also an opportunity to incorporate modifications of the stnppmg

solution, enabling better results as pointed out in Chapter 1. ‘)

Trace lead analysis of soil samples using differential pulse anodic stripping is a

" viable technique as demonstrated by the results obtained. This conclusion does not

- necessarily indicate that anodic stripping methods are preferable to atomic Spectroscopic

methods. A’ primary concemn is the time factor. One solution might be to employ fast
stripping techniques such as the squaf$ wave or staircase techniques mentioned in
Chapter 1. Mercury film electrodes allow one to cut down the deposition time. These

-

improvements may lead to a more' time efficient analytical method but are beyond the
scope of this thesis.

Modification of the matrix using a diluent is an effective way to suppress
unwanted interferences from sample componcnté. The interference effect disappears not

because of the removal of the interferent but because of its low concentration. Increased

~ deposition times can be used to compensate for the loss of sensitivity. Acetate buffers,

which are widely used in voltammetric analysis of aqueous sblutions_, were found to be
v}ersatile and useful in the analysis of lead from digested solutions.

Open beaker soil digestions with per;hloric acid were shown to be excellent for
use wit_h‘ ah anédic stripping procedure. Ir)1 the case of bomb digcstionsl the use of

microwave digestions should be investigated further.
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Appendix 1

Computer Programs

The following pages iist the two computer programs DPASV and DASTA

’»

developed for the instrumeniai setup described in Chaptér 3. Essential ’fcatures of the
LY

program DPASV are discussed in Chapter 3 under section 3.3, Software for the Anodic

Smppmg System A description of the program DASTA can be found in Chapter 7 under

N
/~

seétion 7.8, Data Analysis Procedyre.

4
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10 3****************************!***li*********i***************l**ii!**iia

15 9
209
25 3
30 9

DIFFERENTIAL PULSE ANODIC STRIPPING VOLTAMMETRY
CONTROL AND DATA ACQUSITION FROGRAM
MACSYM 150/PAR 174A/PAR 303(SMDE) SYSTEM

ANGELD R. FERNANDO,DEPT. OF CHEMISTRY, U. OF A.

[}
[
3
[]

35 3******ﬂ***uuu****nni*nnu*u"*nu***u*u**u**nnn****ua
40 3 THIS PROGRAM WORKS WITH MACBASIC 3 Rev2.00

45 3 REFER TO THE MAIN MENU (FUNCTION SELECT) FOR CHANNEL CONECTIONS.

S0 E’=0

55 ON ERROR E’,2395

40 TASK 1,2525,5 @ MEMORY CLEARING peak posntlons
65 TASK 2,2505,5 9 MEMORY CLEARING full data

70 TASK 3,1195,6 # DATA SAVING

75 PNT 174 PNT 180

80 PNT 27,41,34,48 : A

85 PRINT *  DPASV ~ *  PNT 183

90 PNT 27,61,40,44

95 ! *DATE month(ih 2 letters):™MONS

100 INP v’ IF v’=13 GOTD 110

105 INP v1’ LET MONS=CHRS(v/)CHR$(v1’)  GOTD 90
110 PNT 27,61,42,44

fig .

date:"DAY$

120 INP v/' IF v’=12 6070 130 ° -
125 INP v1‘ LET DAY$=CHR$(v/)CHR$(v1’)  GOTO 110
130 PNT 27,61,44,44 .

135 ¢ "

~year:198"YERS .

~.140 INP v' IF v’=t3 GOTO 130

145 YER$=CHR$(v’) GOTO 130

150 PNT 174

155 E“=0 R’=0 ru’=1 B=5.0 Ju’=2 Jp’=5 stp=. 02

160 3 B determines the integration time;Ju’,Jp’
165 DIM potential(3200), current(3200),para(15),pepot(ZO),pecur(ZO)
170 DIM mo$(2),5a$(3) da$(2),yr$(1) rus(1),sb$(2),501$(30) ,nam$(30), P(ZO) 0(20) K(20)

175 PNT 183 PNT 174 DISPLAY 0

180 PNT 180,

185 PNT 27,61,34, 36 ‘

190 PRINT ' DPASU :

195, PNT 2? 61 36,37

200 ! 'PWER m 174A 303 Cl'NTRUL PND RELAY*
205 PNT 183 - '
210 PNT 27,61,37,38

215 ! 'DISP CH15 PURGE CH14;SCAN INHIBIT CH13; RECORDER CH12; CELL CH11j

| e

ol
Jump Iengths stp stephmght in peak reader .

S/T/IR CHY;

+ 220 DOT:0¢0,11)=0 DOT 0¢0,12)=0 DUT 0(0 18) 1 DOT: 0(0 14) 0 DOT:0¢0,1%)= U
225 PNT 27, 61 39,52 '
230 ! 'FLNCTI[N S‘-'LCCT',' :

235"

. 240 1t

!

0 RWND(TRLN‘:"" i
1 PLOT ON SCREEN *

165

CLOCK CHL*



*PLOT ON RECORDER

2451 2 .
250 ' * 3 SAVE DATA .
255 ' * 4 L0AD DATA .
260 ' ° - 5  PARAMETERS. .
265 ' " & PEAK READER .
2720 ' * 7 DISK DIRECTORY *
275'* 8 RERW .
280 '* 9 DATA PRINT (port g "

285 PNT 27,61,51,32

2%0 ! "T0 SEE PLDTTED DATA ON GRAPHICS PAGE 4 USE SHIFT/SCRQL KEYS *

295 PNT 181 PNT 1BS PNT 27,61,53,55

300 ! "NEXT FUNCTION ?*
305 INP v LET #/=¢y’'-47
310..PNT 183 PNT 186

315 ON ¢/ G60TO 325,875, 1065 1160,1315,1530,1670,1965,1530,1315

320 6OTD 155

325 @ DATA ACC. FROM 174A/303
330 PNT 174

335 LET sols="

340 ACTIVATE 2

345 IF /=9 WAIT .2 PNT 174 PNT 186 GOTO 370

350 LET drps="
355 PNT 174 PNT 186
340 PNT 27,61,34,34

345 INPUT 'ADJUST 1747 PARAMETERS,SET RELAY TO COMP.RETURN®
LET rr$=YER$

370 LET mo$=qm$ LET da$=DAY$
375 PNT 27,61,35,44 )

380 INPUT 'SMPLE NO. (2 chrs):"sb$

385 PNT 27,61,36,44

© 390 INPUT. "SAMPLE NAME (30chrs max):"sol$

395 PNT 27,81,38,32 ©
400 IF $/=9 GOTO 460

405 INPUT "INITIAL POTENTIAL (V):"
410 INPUT *FINAL POTENTIAL  (V):*para(i2)
415 INPUT. "SCAN RATE (mV/sec) :*para(2)

"420 INPUT "SCAN RANGE (W i"parat3)

" 425 INRUT "MODULATION (mV):"para(4)
430 INPUT *CURRENT RANGE (uA) :*para(s)
435 INPUT *CLOCK g (seo):"paracé)
440 INPUT "DROP SI2F s*drp$
445 INPUT ®PURGE TIME " (min):"para(B)
450 INPUT "DEPDSITION TIME (min):*para(9)
455 INPUT “"EQUILIBRATION  (min):"paraci0)’
460 INPUT "CONCENTRATION  (ppb):*"para(?)
4645. INPUT "NO. OF RUNS "R -

para(li

470 finV=(para(12)-para(1))#(1. 5/para(3))

. 475 IF R“¢=] 6070 505
480 PNT 174 DISPLAY 0.

4

’
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485 DSKRESET .
490 PNT 27,41,40,42
. 495 INPUT *INSERT DATA DISK,RETURN,®

500 R/=R‘+{ ‘
505 PNT 7 PNT 27,61,53,38

“ 510 INPUT *SET 174A TO SCAN MODE,EXT.CELL. RETURN *®
.. 515 t=para(B) d=para(®) e=para(il)

520 PNT 174 PNT 185
525 2ERD TIMER '
530 DOT:0(0,14)=1 ? N2 flow on
535 PNT 27,61,43,32

w

LU 31Y) Siaaiateahisiatiainisiieideteinioiiniaisiiniohiniotiatat i “RUN no:"ru
545 PRINT '/////////////PURGING/V/////////////////////TlHE ELAPSED: *TIMER/60
550 PRINT Brrammmesssassssmsumimmmmmanamananenmnmnnsns (MIN) v wmsm e e

555 1F TIMER>t*40 GOTD 565
960 GOTO 535
565 DOT:0¢0,14)=0 @ N2 flow off
" 970 WAIT 15
580 PNT 174
585 9@ entry point :ireturn locp from peakred(1753) for multiple runs
590 CLS 4,9
595 GRAPHICS 4 VIEW é WINDOW ~0.!,1.5,-0.1,10
600 HAX1S 0,0.1 VAXIS 0,0.1 .
- 405 HPRINT 0.,05,9.2,"RUN:"STR$(ru’)
410 FOR I=1 7D 2
615 PNT 27,61,43,32
‘~.'v"[[[[[[[[I[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[fTRUN no:"ru’
s1s1isrir::01:DISPENSING A FRESH Hg DROP::ezzzrzazzssssassnsessasanss”

; 'muJmnnmmJJ111mmnnnnnnnnnmmmmmmnn'

435 BATH(0,15)=1
440 DOT:0¢0,15)=0

645 WAIT 2

650 NEXT

655. PNT 174

860 DOT:0¢0,9=1 3'magietic stirrer on,

665 WAIT 18 .
- 670 DOT:0(0,11)=1 3 cell connect to 1744 °
675 ZERD TIMER . /

680 PNT 27,61,40,32 . S ‘ -
E 485 PRINT '&i*****l****************************!*****t**!*****}**run no:"ru’

© 690 PRINT *RENHHBHHSDEPOSITION PROCEEDINGKNBNHMRHBHNSERNTIME ELAPSED: "TIMER/ 4D
~ 695 PRINT '*******************************}****!**i*l*EELL CURRENT -'QIN 0(1 1)
700 IF TIMER=>d%60 GOTD 710
1705 GOTO 680, . : : o
' 710 PNT 183 : : ! ' L !
, QDUTU((J?)UBSTIRREROFF_" S ;
720 PNT 174: ¢ - - @ . :
725 PNT 27,61,42,32: I S s

v ., 3 LW

2
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5 168
‘ . .lmy
730 PRINT*222230000030000050000)03300903))300)53)90)3)3)3)3 333393233 ))run not*ru’
© 735 PRINT®:zzsessseszzerssesssssEQUILIBRATION: zzz:z223:TIME ELAPSED: "TIMER/40
- 740 PRINT")2)323333330323033033033533)030033)0)0 ) 3 MLELL CURRENT-'AIN 01,1
745 IF TIMER=)(d+e)*40 60TO 755
750 60TD 725
755 PNT 174 : -
760 @ PLOTTING. DATA v
765 DISPLAY 4
770 DOT:0¢0,13)=0 9 174A scan release
775 Iryjo ' :
780 IF DIN:0(0,1)=1 GOTD 799 ' ‘ !
785 6OTD 780 ' '
790 PLOT potential(I),current(I)
795 A1=0.0 A2=0.0 I=I+t
. BOD FOR J’=1 70 3
| BOS AI=AL4AIN:D(1,0) A2=AZ+AIN:D(1, 1D ‘
) 810 NEXT ‘ T -
/" 815 potential (1)=A1/B current(1)=A2/B : . '
- 820 IF potential(I)>finV 60TO_835
825 IF current(1))9.9 GOTO 835
830 60TO 780
: 835 DOT:0¢0,11)=0 9 cell dlsconnect
3 840 WAIT .2 ;
845 DOT:0(0,13)=1 @ scan inhibit
850 para(ii)=l _ , : 4
855 ru$=STR$(ru’) ‘ T N
860 Bas=sbsrus NS :
B&5S ru’=ru’+i
870*p0T0 1720 9 End of ‘data acqn section.Peak reader takes over at 1560.
875 3 PLOTTING DATA ON VIDED SCREEN
880 INPUT*CLEAR SCREEN? (Y/N):*as$
885 IF as$="N" GOTO 905
890 GRAPRICS 4 CLS 4,9
B9S @ axis setup.X from -.1 to 1.5,Y from -.8 to 10 N
900 9 with 8 - 1.3V to X-and 0 - 10U to Y., div in X -IOOmU ' 1 div in Y =rangex0,0
8 . -
905 GRAPHICS 4
910 DISPLAY 4
945 WINDOW -0.1,1.5,-0.8,10
920 HAXIS ~0.3,0.1
= 925 WIS 0,0.8 * , : ;
930 HPRINT 0 5,-0.7,"CELL POTENTIAL® HPRINf -0 1,0,%0.0" - ,
935 VPRINT -0, 05 3, "CELL CURRENT" ) ’ :
940 I=1 - . | ¢
945 MOVE potential (ID,qurrent(I) , ‘
- 9507 IPLOT 0.0,0,001 - ' _ o
955 I=1+1 : ' ‘ o L P
1960 IF currght(l)) 9.9 para(ll) =] o

" "
" - PP .
e
t ) -
[ ! v PR , -
~
. L . A ~
. . . . B

{
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- 1090 INPUT *SET-UP RECORDER PAPER xY,;%:gﬁf )

o
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965 IF I=para(11) 60TD 975

970 60TO 945

975 FOR C‘=1 YO 20

980 IF K(C’)=0 GOTO 1015

985 IF P(C*)=0 GOTOD 1015

990 BOX potential(P(C’))-,005,current(P(C"))-.25,.01,0.5

995 BOX potential(Q(C’))—.005,(currew&(D(C’))-(pecur(C')*lﬂ/para(S)))-.ZS,.01,0.5
1000 BOX potential (K(C’))-.005,current(K(C’))-.25,.01,0.5
1005 MOVE potential (B(C*)),current(R(C'))-.25 ’
1010 IPLOT 0.0,0.5 '

1015 NEXT

1020 JOY X,Y

1025 1F X=U1 GOTO 1060

1030 Ul=X U2=Y

1035 X$=STR$((U1/1.5)*para(3)+para(1))* "“STR$(U2x0.1%para(3))

1040 VPRINT U1,5,X$ .
1045 GOTO 1020

© 1050 R

1055

' 1060_GOIO 155 .- : v

1065 3 PLOTTING DATA ON THE RECORDER «

1070 PNT 174 : l o ' 5 ‘
1075 PNT 27,41,40,40 : e

1080 ' "PLL. TING DATA (N REBORDER, SLOBREHRRNCHI :Y" ,* o o
1085 PNT 27,61, 4891 i g :

1095 PNT 174 , &
1100 PNT 27,61,50,40 ‘ <
1105 | "PLOTTING DATA ON RECORDER, SLOT3 CHO:X CHI oo P

1110 DOT:0¢0,12)=1 -

1115 I=1 ' .
1§20 AOT:0(3,0)= potent&a](l) ADT:0¢3, D=current(1) ,

125 1=141 . 9y P

1130 IF I=para(il) GUTD‘II45 . .

1135 WAIT 0.2

1140 GOTO 1120

1145 DOT:0(0,12)=0 . . L S ,
1150 AOT:0(3,0)=0-A0T:0(3,15=0  ~ L S : ,
1155 6OTQ 155 - : S

1160 3 SAVING DATA-BN DISK
1165 PNT 174 DISPLAY 0

1170 PNT 27,61,38,42 . o o

1175 ' *SAVING DATA ON DISK * = 2

1180 DSKRESET . < L . . S
1185 PNT 2/,61,40,42 . 3 . ,
1190 INPUT *INSERT DATA DISK,RETURN.® L i A

1195 ON ERROR E/,2395 - '
1200 OPENN 2 mo‘da‘yrisa$ B e



v | g 170

1205 SAVE ARRAY:2 para(l) . : Y
1210 SAVE ARRAY:2 potential(l), para(11) : ' '
1215 SAVE ARRAY:2 current(1),para(ll)
1220 SAVE ARRAY:2 sol$(1)

1225 SAVE ARRAY:2 drp$(1)

1230 SAVE ARRAY:2 pepot(l)

1235 SAVE ARRAY:2 pecur(l)

1240 SAVE ARRAY:2 P(1)

1245 SAVE ARRAY:2 Q(1)

1250 SAVE ARRAY:2 K(1)

1255 CLDSE:2 ‘

1260 OPENA:2 " INDEX":

1265 PRINT:2 mosda$yr$sas

1270 PRINT:2 sol$

1275 PRINT:2 pepot(1),pecur(1),pepot(2),pecur(2),pepot(3),pecur(3) A
1280 CLOSE:2

1285 1F R”{=2 GOTOD 1310
1290 -R‘=R’-1

1295 ACTIVATE 2

1300 DISMISS

1305 GOTO 1195,

1310 ss$=sb$ A‘=ru’-1 GOTD 2030

1315 3 DATA LOADING

1320 ACT 2 s : ‘ _

1325 para(11)=3200 LET sol¢=" " LET drps=" , "
1330 PNT, 174,185 DISPLAY 0 . )

1335 27,61,40,42 , . o

1340 ! "DATA LDADING " :

1345 DSKRESET . , )

1350 PNT 27,61,42,45 ’ .

1355 INPUT "INSERT DATA DISK,RETURN® )

1360 PNT 27,61,44,45 «

1345 ! "DATE month(ln 2 letters):"mo$

1370 INP v/ IF v’=13 GOTO 1380

1375 INP. v1”  LET mo$=CHR$(v’)CHR$(v1’ ) 6070 1360

1380 PNT 27, 61 45 45 . '

i385 ¢ _date:"da$

1390 INP v/ YF v/=13 GOTD 1400 v )

1395 INP v1’  LET da$=CHR$(v’/)CHR$(v1’)  GOTO 1380 B -

1400 PNT 27,61546,45 _ ’ : N

1405 ' * ~year:198tyrs iy - -

1410 INP v/ IF v 713 BOTO 1420

1415 yr$=CHR$(v’) GOTD 1400

1420 PNT 27,61,47,45 :

1425 ! "SAMPLE ND. (2 chrs):"ss$

1430 INP v” IF v’=13 GOTO 1440 ’

1435 INP w1’ LET sst—CHRS(v%(vl ) GOTO 1420

1440 IF f"'lD 60TO 2020 LT

v



171

1445 PNT 27,61,48,45 :
1450 ! "*RUN ND. ;(1 chr):®sr$
1455 INP v/ 1F v’=13 GOTO 1465
1460 sr$=CHR$(v’) GOTD 1445.
1445 LET sas=sstsrs$ :
1470 ‘OPENR:2 mosdasyr$sas -
1475 L0AD ARRAY:2 para(l) - o
1480 LOAD ARRAY:2 potentlal(l),para(ll)
1485 LOAD ARRAY:2 current(l),para(ll)
1490 LOAD ARRAY:2 sol$(1)"
~-1495\L0AD ARRAY:2 drp$(1)
‘1500 'LDAD ARRAY:2 pepot(1)
1505 LDAD ARRAY:2 pecur(l) - : _ .
1510 LOAD ARRAY;2'P(1) - : ? . : g
1515 LOAD ARRAY:2 Q(1) : ' S ‘
1520 LDAD ARRAY:2 K(1) A ’
1525 CLOSE:2 . o : , ‘
1530 3 PARAMETER DISPLAY ' '

1535 PNT 174

1540 PNT 27,61,30,32 j .
1545 ! *DATE mon/da/yr :"mo$,das ,yr$
1550 ! *SAMPLE/RWN no:"sa$ ‘

- 1555 ! "SAMBLE name:"sol$

- 1560 PNT 27,61,35,38 |

1565 ! 'MLYTICAL PARAMETERS"

1570 * “INITIAL POTENTIAL (V) :"para(l)
1575 ' *FINAL POTENTIAL (Wri"paralid)

1580 ! “SCAN RATE (mV/sec) :"para(2) N
1585 ! "SCAN RANGE (V)s*para(d) ‘
1590 ¢ *MODULATION (mV):"para(4)

1595 1. "CURRENT RANGE (uA) :"para(d)

1600 ! "CLOCK (sec):"paralé)

1605 ! °DROP SIZE 1" drp$

1610 ! "CONCENTRATION (ppb):*parat?)

1615 ' "PURGE TIME | (mi ng%® *parg#s)

1620 ' "DEPOSITION TIME (mn@*‘para(9)

1625 ' "EQUILIBRATION - min): "para(1)

1430 IF $/¢>9 GOTD 1635

1635 PNT 27,61,50,38 ,

1640.' "“R’ TO RIN;‘return’ FOR FUNCTION SELECT "

1645 INP v/ IF v’=B2 GOTD 325

1650 GOTO 155

.1655 PNT 27,61,55, 4p N

1860 "INPUT 'PRESS RETURN FOR FUNCTION SELECT®

1645 GOTO 155 : . o .

1670 3 PEAK READER SECTION ' o T

1675 DISPLAY 4 CLS 4,9 o '_ sl
1680 BRAPHICS 4 VIEW 4 WINDOL -0.1,1.5, U 1, 10
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1685 HAXIS 0,0.1 VAXIS O, 0 1

1490 I=1

1695 IF I-para(ll) G070 1715

1700 PLOT potentlal(l) current(D)

1705 I=141 Vieo L
1710 60TO 1495 )
1715 ACTIWATE | 9 entry point from data acqn section

1720 VIEW 5 WINDOW -0.1,1.5,-10,10 ~

1725 VPRINT -.05,-10, 'POTENTIAL' UPRINT -.03,2, * CURRENT*

1730 VPRINT ,0,-10, ' W * VUPRINT .0,2," (UA) " v

1735 FOR 1=1TO 20 P(I) 0°8¢(I>=0 K(I) ] NEXT I .

1740 k=1 1=l

1745 A’=0

1750 A’=A"+1

1755 IF I=para(11). GOTO 1900 ' ‘ B

1760 IF current(l)(current(l+20) GOTO 1775 '

1765 I=1+1 SO

1770 GOTO 1755 .

1775 I=1+1 ‘

1780 1F I=para(11) 6OTO 1900

1785 IF current(I))current(I+Ju”)tstp eu;@ 1795

1790 607D 1775 . T

1795 @A’)=1 3 peak max. point - ;%gd
1800 I=I+1 5
1805 IF I=para(11) GOTO 1900 . s
1810 IF current(l)(—current(I+Jp ) GOTO 1820 t
‘1815 GOTO 1800 '

1820 K(A”)=1 @ peak tail point

1825 T/=0¢(A">-20

1830 T’=T/~1 IF T/<=Jp’+1 BOTO 1745

1835 IF current(T’){=current(T’-Jp’) 6OTOD 1845
1840 GOTO 1830

1845 P(A’)=T* @ peak start point "
1850 basl=(current(P(A’ ))-current(K(A’)))*potent|al(ﬁ§ 4,
- 1855 bas2=(current(K(A’))*potential (P(A’ ))-current(?ﬁﬁ
1840 bas3=(potential (P(A’))-potential(K(A"))) ‘
1865 base=(basl+bas2)/bas3 : :

. 1870 x$=STR$((potential (R(A’))/1.5)¥para(3)+para(l)) B .
1875 y$=STR$((current(Q(A“))-base)*para(5)#0.1) -

1880 IF UAL(Y$)*10/para(5)(0 5. 60TO 1755 :

. 1885 UPRIyT poteﬁﬁral(Q(A )),-10,x$ UPRINT potentlal(Q(A ), 2 s .

1890 pepot(K)‘UAL(x‘) pecur(K)=UAL(Y$) ,

1895 K=K+1 “GOTO 1750 - " [,~ C ‘ T
1900 IF R’¢=1 GOTO 1925 ‘ : ' . 7
1905 IF R’-1¢=1 GOTO 1195 3 Data sauxng takes over for the lﬁs\\gﬁn '

1910 ACTIVATE 3

1915 PNT 174 DISPLAY 0 PNT 185 . - ' , , N

1920 GOTO 585 @ depart- ponnt to data a:qn for multiple runs

stential (K(A)))

ey



1925 VIEBW 6 WINDOW -.1,1.5,-.1,10 HPRINT 1.0,9,"RETURN®
1930 INPUT

1935 9 END OF *PEKRED"

1940 PNT 174 DISPLAY 0

1945 PNT 27,61,38,42 o
1950 INPUT "SAVING DATA ON DISK?  (Y/N) *SD$
1955 IF SD$="Y" GOTO 1140 :
1760 GOTO 155

1945 @ DISK DIRECTORY

1970 DPENR:2 "INDEX"

1975 PNT 174

1980 !* -—DATA DISK DIRECTORY:

1985 FOR 6'=1 TO 20

1990 INPUT:2 dat$

1995 INPUT:2 nam$

2000 ! dat$,nam$

2005 NEXT 6° i
2010 INPUT "RETURN* GOTO 1975

2015 3 PARAMETER PRINTER (USE PORT B FOR PRINTER)

2020 PNT 27,61,48,45: -f

2025 INPUT "HOW MANY RINS ? *A’

2030 I=f o

2035 sr$=STR$(1) ‘

2040 LET sa$=ss$sré ¢

2045 DPENR:2 mosda$yr$sat ' K
2050 LOAD ARRAY:2 para(l) ' o
2055 LOAD ARRAY:2 potential(l),para(ll)
2060 LOAD ARRAY:2 current(1),para(ll) :

2085 LOAD ARRAY:2 sol$(l) ’

2070 LOAD ARRAY:2 drp$(l1) :

2075 LDAD ARRAY:2 pepot(l)

"2080 LOAD ARRAY:2 pecur(l)

2125

SO

2085 LDAD ARRAY:2 P(1)

2090 LOAD ARRAY:2.Q(1)

2095 LOAD ARRAY:2 (1)

2100 ‘CLOSE:2

2105 IF 1)1 GOTO 2330

2110 2 PARAMETER DISPLAY

2115 OPENW:4 "$QTO:1" .
2120 PNT 174 PNT:4 27,76,48,49,48

119
2130 ! S o
2135 ':4 "DATE = * mon/da/yr:"mo$,das,"198" ;yr$
2140 ' "DATE . mon/da/yr:*mos,das,"198";yr$
2145 ':4 "SAMPLE © noi"ss$
2150 ! “"SAMPLE ’ no:"ss$
2155 ':4 *SAMPLE name:"sol$
2160 ! "SAMPLE )

name:"sol$

“ .

| .‘1,7.3




Oy "6

I’Rr‘ .

- 174
21465 ':4
2170 ! ' _ .
2175 ' "ANALYTICAL PARAMETERS® o
2180 !':4 *INITIAL POTENTIAL (V):"parall); 'évféﬂ
2185 ' "INITIAL POTENTIAL (V):"para(l); . N :
2190 t:4 TAB (4) “FINAL POTENTIAL (V) :"para(l2) kK
2195 ' TAB (4) "FINAL POTENTIAL (V) :*para(l12) : 5
2200 ':4 "SCAN RATE (mV/sec):"para(2); ‘ :
2205 ! "SCAN RATE (mV/sec) :"para(2); i
2210 ':4 TAB (5) "SCAN RANGE (V):"para(3) e
2215 ! TAB (5) "SCAN RANGE (V) :*para(3) '
2220 ':4 "MODULATION (m):"para(4); B
2225 ' "MODULATION (mV) :*parac4d); ‘ . BTN
2230 ':4 TAB (4) "CURRENT RANGE (uA)s"para(d) ' S
2235 ' TAB (4) "CURRENT RANGE {up):"para(d) SV”'
2240 !':4 "CLOCK (sec):"para(é);
2245 ' "CLOCK (sec):"paralé);
- 2250 ':4 TAB (5) "DROP SIZE 1" drp$
2255 ¢ TAB (5) "DROP SIZE " drp$

2260 ' 14 "CONCENTRATION (ppb):"para(?);
2265 ' "CONCENTRATION (ppb):"para(?);

2270 ':4 TAB (5) "PURGE TIME (min):*para(®)
2275 ! TAB (5) "PURGE TIME (min):*para(8)
2280 !':4 "DEPDSITION TIME (min):"para(9);

2285 ! *DEPOSITION TIME (min):"para(9);

2290 ':4 TAB (5) "EQUILIBRATION  (min):*para(iD)
2295 ! TAB (5) "EQUILIBRATION  (min):*para(i0)
2300 !:4 ‘

2305 !

2310 ':4 * PEAKS {FOUND .

2315 ! PEAKS FOUND .

2320 ':4 "position{WV)"TAB(13)>*" hEIth(uA)'TAB(25) p051t|on(U)'TAB(38) height{uA)"TAB(51)"position(V)
TAB(44)*height(uA)*

2325 ! *position(V)*TAB(13)"height(uA)"TAB(25)"position(V)"TAB(38)" helght(uA)'TAB(Sl) posntlon(V) TA
B(44)"height(uA)" _ . ,

2330 ':4 "RIN "sr$¢ [ ‘ ’

2335 ! "RIN "sr$ -

2340 ':4 pepot(l) TAB(13),pecur(1) TAB(ZS),pepot(Z) +TAB(38) ;pecur(2) TAB(SI),pepot(S) TAB(64),pecur(
3

2345 ! pepot(1); TAB(13),pecur(1) 1 TAB(25) ;pepot(2); TAB(38) specur(2);TAB(S1) jpepot(3); ;TAB(64) ;pecur(3)
2350 I=I+1 , _ /

2355 IF 1>A’ GOTO 2345

2340 GOTO 2035 . ’ :

2345 CLOSE ' T

2370 IF /{10 60TD 2385

2375 ' "ANY MORE ? *

2380 INP D’ IF D’=89 GOTO 1315

2385 GUTD 155 -



175

)

2390 3 ERROR TRAPPING-(USE LINE 40 TO DISABLE)
2395 SUSPEND ALL CLOSE' IF E’=17 GOTO 2430
2400 IF E‘=44 GOTO 2440
2405 IF E‘=111 6OTD 2460
2410 IF E’=122 GOTO 2475
2415 IF E’=43 GOTD 2485
2420 IF E’=221 GOTO 2495
2425 GOTO 155
2430 ' *  DATA NOT FDUND PLEASE CHECK DISK DIRECTORY *
2435 WAIT 1 GOTO 155
2440 PNT 174 ' * DISK FILE SPACE FULL. PLEASE WAIT *
2445 ERASE motdasyr$sa$
2450 INPUT * RESTART WITH A NEW DISK.(return)®
2455 GOTO 155 '
2460 DISPLAY 0 ' "YOU. HAVE USED ALL OF THE MEMORY SPACE ALLOCATED"
2465 INPUT *PRESS RETURN* ,
2470 GOTD 155 .
2475 ' *YOU CANNOT USE THIS AS AN INPUT!®
2480 WAIT 1 GOTD 155
2485 ! "IN CORRECT DATE/SAMPLE NO INPUT*
2490 WAIT 1 GOTO 155
2495 INPUT "END OF DIRECTORY, PRESS RETURN FOR FLNCTION SELECT*
2500 6OTO {55
2505 @ TASK 1 AND 2 MEMORY CLEARING'
2510 FOR M'=1 TO 3200
245 potential (M)=0. D current)=0.0.
2530 NEXT
25253 TASK !
- 2530 FOR M’=1 TO 20 v ,
2535 pepot(M/)=0.0 pecur(M)=0.0 v
2540 NEXT :
2545 PNT, 7 | - )
2550 DISMISS iy .
2555 IF /=7 GOTO 2525 = o
2560 GOTO 2505 , | | ' :
25645 3= e EN D= :




© 320 IF Y(17))>Y(J*) GOTO 340

176
(@]

10 auﬁﬁin&"u**nn*““u*n*u*unn"iluuni9

20 3 STATISTICAL EVALUATION OF STANDARD ADDITION DATA. 3

30 3  ANGELD R. FERNANDD,DEPT.OF CHEMISTRY,U OF A. ?

40 FxEnxrexrnnrEkcall name DASTAREEEEEEEEUERERERXERXEIRE]

50 DIM X1(20),Y1(20) ,N(6) ,MX(6),SX(6) ,X(20),Y(20) ,rex(6) rey(é) ,Q(3)

60 M=1 n’=0 No’=0 KK=2 N(1)=0 C’=0 @(3)=0.94 Q($=0.74 Q(5)=0.44

70 PNT 174 . ' P
BO PNT 27,61,34,36 . ’

90 ! " STATISTXCAL EVALUATION OF STANDARD ADDITION DATA .

100 PNT.27,61,37,32 ! *SAMPLE IDENTIFICATION * o
110 PNT' 27,61,39,32 : Ay,
120 INPUT SAMPLE NO. :"5AM$ INPUT "DATE OF ANALYSIS :"DATS INPUT "SPECIES:"SP$
130 INPUT *SAMPLE UEIGHT(g)._'SU INPUT "DILUTION (ml sol/sam. wt, )i'DIL

140 PNT 27,61,44,32 1 *ANALYSIS DATA *

150 PNT 27,61,46,32 PNT 161

160 INPUT "CONCENTRATION OF S¥D:"C

170 INPUT "NO OF DATA PDINTS:*No’

180 FOR I=M TD No’+M-1

190 ' "PEAK HEIGHT ";I-C/;INPUT *: "Y(D)

200 X¢(D=C

210 NEXT I

220 M=MiNo’ C/=H-{ _

230 NCKK)=C" KK=KK+1

240 INPUT "enter R for calculations "R$

250 IF R$="R* GOTO 270

260 GOTO 150

270 FOR K’=1 TD KK-2

280 FOR J/=N(K“>+1 TD N(K’+1)

290 1=y’

300 1/%§+1

310 IF I’ONCK”+1) BOTO 340

330 GOTO 300
340 STOSY(J”) Y(I)=Y417) YCI7)=8TO
, 350 GOTO 300
" 360 NEXT J°
370 ran=Y(NCK ) +1)-Y(NCK +1)) S
380. IF (YNCK’)+1)=Y(NCK )+2))/ran)Q(NCK’ +1)-NCK’)), GOTO 410
390 IF (YONTK"#1D=D=Y(NCK’ +12))/ramd QINCK +1)-NCK”)) GOTO 430
400 GOTD 450

410 rex(K’)=X(NCK )+1) rey(K’)=Y(NCK ) +1)

420  FOR I=1,TO NCK’+1)-NCK")-1  XI{I#+n")=X(N(K"+1)) Yl(I*n I=Y(NCK? )*I*l) NEXT | n’=n’+l-i G -
070 -440 _ ' . . ) g
430 rex(K/)=X¢NTK7#1)) PQY(K’)=Y(N(K’+1)) . . ' ' . :
440 FOR I=1 TO NCK/+1)-NCK’)-1 -X1(I+n/)=X(NCK’+1)) Y1(I+n7)=Y(NCK")+1) NEXT 1 n’=n’+1-1 GOTO
440 7 . ' _ :

450  FOR I=1 TO-NCK/+D)-NCK’)  Xt(I4n/)=XCHK/+1)) YI(T4n/)=Y(NCK)+I) NEXT I n’=np’+]-}

. ‘ T @ .
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460 NEXT K’

470 SIMX=D.0 SUMY=0.0 SUHX2=0.0 SUMY2=D.0 SUMXY=0.0

480 FOR 1/=1 TO n’

490 SUMX=SUMXHXI (1) SUMY=SUMY+YI(I/) SUMK2=SUMK24X1(17)"2 SUMY2=SUMY2+Y1(1*)"2
500 SUMXY=SUMXY+X1 (17 )#Y1(1)

- 510 NEXT ,

520 Sxy=SUMXY-(SUMKESIMY/n’)  Sxx=SUMX2-(SIMX*2/n’)  Syy=SUMY2-(SUMY*2/n’)

530 b=Sxy/Sxx  a=(SUMY-(Sxy/Sxx)*SIMX)/n’ 2y=(Syy-8xy“2/5xx)/{n’-2)
540 sy=SQR(Zy) ' ’
556 sb=SQR(Zy/Sxx) ’
560 sa=SQR(Zy*(1/n +SMX" 2/(n"2*8xx))) ' -
570 sab=(sa“2+(aé2%sb*2)/b*2)/b"2 ' Y
580 OPENW:4 "$0QTO:1i"
S90 PNT 174 = ™
600 PNT 27,61,34,32 ' "STATISTICAL EUQLUATI[N OF STANDARD ADDITION DATA *
410 !
620 !
630 ! "SAMPLE :'SM$;TAB(30');'DATE OF ANAL.:"DATS
640 ! *SPECIES:"SP$;TAB(30) ;"SAMPLE WT:"SW
650 ) "DILUTION :"DIL
660 | "DATA°TAB(13)" STD.C[N'TAB(ZS)'PEAK HT.,"
670 FOR I=1 T0 n*
680 ' 1 TAB(IB) X1(D 3 TAB(25) 3YI(D),
690 NEXT 1 .
700 ! “rejected" *
710 FOR 1=1 TO 6
720 ' 1 TAB(13) rex(Il); 1AB(2.‘:) re)'(I) .
730 NEXT 1 <
740 ! oo " '
750 ¢
760 !
770 !
780 !
790 !
800 !
Bio !
g20 + - o
.. 830 ! "SAMPLE CONCENTRATION Cppm)="(axDJL)/(b*SWx1000)
[}
t
!
1
1
]
]

ot

"S5 LINE Y=athX *
b *a;TAB(3D) ;" . b="b
"s.d. (a)— sa;TAB(30) ;" s.d. (b)= "sb;TAB(5D);"s.d.(Y)="sy

'SOLUTICN CONCENTRATION (ppb)—'a/b :
" s.d.(ppb)="SBR(sab) o

2900 !

B4 ! * 5.d. (pm>=" (SBR(sab) ¥DIL)/(1000%5W)
850 ! * P.s.d.C%)=" (SOR(sab) ¥bx100)/a =
-'B60 !:4 "STATISTICAL EVALUATION OF STANDARD ADDITION DATA * .
870 !:4 ’ -
- B8O !:4 :
- 890114 "SAMPLE :"SAMS;TAB(30);"DATE OF ANAL.:"DATS
;4 *SPECIES:*SP$;TAB(30) ;" SAMPLE UT:* S
910 !:4 *DILUTION :*DIL ' , o,
920 !:4 - |

930 ':4 "DATA"TAB(13)"STD,CON"TAB(25) "PEAK HT.*
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‘940 FOR I=1 TO n* . . : -

950 ':4 1 TAB(I3)'X1(I) $TAB(25) ;Y1(D)

940 NEXT 1 T '

20 14 - - ‘ :4[

980 ':4 .. R

990 ':4 "L.S, LINE - Y=atbX * E

TBO0 !:4 t a="a;TAB(30);" b=*b . ‘ '
1010 1:4 *s, d.(a)="ga; TAB(30) " s, d. (b)="sb; TAB(SO) 3"s.d.(Y)="sy

1020 !:4 '

1030 !:4 "SOLUTION CUNCENTRATIUN (ppb)="a/b , _

1040 ':4 ° s.d.(ppb)="5OR(sab) ~ C

1050 !: '

1040 !

1070 !:

1080 !:

1090 .!:

“ 1100 FOR I={ TD 6 o B , :
110 ':4 1;TABCI3) jrex(]); TAB(ZS) jrey(l) S

1120 NEXT s

1130 PNT:4.12

:4
14 . .
14 "SAMPLE CGNCENTRATION (ppm)"(é*DIL)/(b*SU*]000)

HE A s.d.(ppm)="(SAR(sab)*DIL) /(10005 .
4

14

R

g r.s.d.(%)= '(SQR(sab)*b*IUU)/a
*rejected” - ‘

1140 CLOSE -
~ 1150 FOR I=1"T0 n*

CHZONEXT D <

e XD= YI(I) =0 i.; S e

HODFOR =1 TO 6 < 7"~; N e
90 rex(D=0 - peythep T T LT e

- 1200 NEXT T

1210 GOTO 10 . ‘ 3






