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The objectiJe of- this project is to investigate the possfpiiity
“of using the d1fferent1al pulse polarographic technique in the analysis |
of fish tissue to determine quanf’tativer the trace metals, copper,
lead cadmium zinc and nickel. The experimental procedure comprised )

of réducing the "whole fish to a homogeneous mass, ‘subjecting it to a

dry ashing technique nd taking up the resultant ash,with‘acid. The

fish.tissue samples were analyzed by approilﬁatc omic absorption

methodologies to establish thé values for the levels the analytes

of importance. A reliable spiking technique was developed to permit

" elemental determination reasonably free from matrix perturbations., Theé

level of each trace metal in the-homogeneous: fish samples were deter-
%, :
mined by dpp/spiking methodologies. The-results pptained,were compared

with those from the atomic absorption approach. Where coppér, zinc and

\ nickel are concerned -the values from both approaches compared well.

This was not the case with cadmium and lead, owing. to -the fact that

they approach tha/ﬁimits of detection by the dpp techpique.
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CHAPTER 1 .
* - INTRODUCTION

&

1.1 Purpose of Trace Element Determinat'ion in Fish

-Published reports on chemical surveys of natura'l waters show

T

aquat'lc envirpnments are subject to trace heavy meta1 contamination
[1-8]. Contaminant concentrations in natural waters vary in °re1aticn ‘

to substrate, the physical/chemical properties of ‘the water and bio-

o

1o<jlica1 .'productivity.‘ Generally, high concentrations of pvotentia'l]y'

toxic elements octur-very.close to squrces of contamination: But

tests condueted on other segments of the Jaquat'ic"systems, quite r‘emOVeq
frem the source of contamination, reveal accumu_lai:ion of ‘trace elements.
l-ienc?e plants and animals even at distances ref.noved from sources of
contamination can accumulate high lev‘ of non-essentiﬂ/tra.ce elements.
2 Information regarding. conce@:‘:n levels of trace metals in
aquatic ecosystems is cyucial for water quality mon1t0r1ng and ass1gn1ng
toxico1og1ca1 standards Severa) env1ronmenta1 scientists have worked

in this field and have reported on trace metal contaminatwn m various

‘ aquatic systems and their flora and fauna [9,1«0{11]. Determination,

of concentrat:lons of metals in. drinking ‘'water and fish and its relation-
ship to water quahty ‘standards and/or 1nc1dence of mortath or qHsease
have also been discussed by several authors [12,13,14]. Tﬁhe International :
Joint ngynission, Great l,akes Résearch Advisory Board has pub‘Hshed

" proceedings of two recent symposia on metal speciation, toxicity to ,

l
aquatic organisms and water qualit criteria for protecting aquatic

" Vife [15,16].




—.\ '—-2‘

'P1ants may be used as b101og1ca'| 1nd1cators of trace m
contamination in aquat1c and terr‘estma]aecosystems Rooted aquatic .
plants 'lar-ge‘ly accumulate Cd; Ni and Hg [17]. Lead was found on the

leaf surface of soybeans [18]. In marine environments algae are the

Bringipal aceulﬁulato‘rs of trace metals such as 0d, Cu, Pb and Zn [19].
The effects of tﬁese trace metalsk on aquatic flora have been studied

by several authors.”” Sublethal amounts of lead retarded popu1atidn (,{J
growth in the case of the marine green algae by de1ay?‘ng cell tyvisio_n"’:f

[20]. Various intracellular abnormalities also resulted from_ lead - . ' 1%

4

éxposure. The presence of 'cuph‘c ion was found to inhibit respiration

~
[

and photosynthes1s in. some umceﬂu]ar organ'isms [21]. Experiments

on laborgt ry cu]tures of green algae show that 0.7 mg/%2 Zn, 0.3 mg/n {

Cu and 0.6 mg/IL Cd have adverse effects. "These are a few exar:[;'les of
how trace metals influence aquatic vegetatwn d

General surveys of trace element concentratwns in aquatic animal

‘t1ssue have been conducted all over the wor]d both in fResh water and 4
‘ mam(ne env1ronme‘nts [22,23,24,25,26]. Several authors have in récent
year's, determined growth rates dnd sensitivities of various 1ife stages
~of fishes exposed to heavy\rﬁ'etals so as to esfimate maximum acceptable
toxicant concentrations ‘(MATC) [27,28,29]. A variety of approadhes .
have been taken to examine sublethal or chronic effects of pollutants.
'I:hese range from reproductive success to 11'f/e'span, including factors
such as growth, adaptation to environment, ?eeding habits, respiration
and effects on vital organs. Davies et al [27] found the.rainbow trout

-

to be part1cu1ar1y sensitive to lead _when exposure began during
vl

deve]opment Le MATC for copper in a ;,brface water of variab]e quahty
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ased on survival, growth and reproduotmn oF\certam species of f1sh
! as been found to be 0.066 to 0.118 mg/2 Cu [28]. Several recent
studies on toxicitﬂf zinc on rainbow trout show that, juveniles are
the mos‘t sensitive life stage f30] A nickel concentration of 0.73 mg/%
caused a s1gn1f1cant reduct1on of fecund'ity and hatchabﬂity of eggs [31].
There is evidence that cadmium: can affect test1cu'lar steroidogenesis in '
the trout inhibiting biosynthesis of a ketotestosterone [32]

One of the general- objectives of stud1es on trace e]ements in fish
is to prov1der baseline values agannst which future levels of pollution
may be measured. It permits eggﬁg:hange of information betweken industry,
responsible fonpos‘sib]e contam—:lnati\on of aquatic system; and the
scientiﬁ'c community. Assessment of trace metal concen!‘,ir;ations in
drinking water are important for water quality monitoring and control.
‘Baseline data and MATC values of toxicants help to determine biolog1ca1
effects of various hazardous metals on marine orgamsms J. Va'lentme
[33] assessed the relationships. between concentrations of trace elements
1‘n‘ water and mortality reates_from arterio sclerotic heart disease and
A other causes. Food and population density were shovrn to be primary
sources. of many trace metals, than the water itself. Hence it is
essential that various trace metal ana]j'ses be carried out for two
principal cau;eSa ' '

s )

é‘.enmne max1mum acceptable toxicant concentrations

with respect to fish in any aquatic ecosystem,

U ‘ /Xn’)' to determine whether the fish are fit for human consumption.
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‘ 1.2.2 X-ray fluorescence spectroscopy fr

°

1.2 Sur.‘vey of Methods For Trace Metal Analysis in Fish

Varioys methods have been used to enable the determination of

trace elements in fish tissue with reasonable accuragy. A new worker /,

in tﬁe field of traee analysis today is confronted with a wide choice

of methodology. The following .a're a few of the available methods. o , \

1.2.1 Neutron activati.on analysis (NAA) 1
Since the ea‘r]ie;f work of G. Hevesy and H. Levi [34],..NA\}\

has become one of the important methods for trace element analysis.

It is an extreme]y',sensitive method, being applied in medical and 51’0—

logical fields, air and water pollution caontrpl and in nutrition [35].

In NAA a stand@r:i coﬁta'in'lng an aecurately known quantity of /

the element of interest iyirradi’ated simultaneously with the sample.

Provided identical conditions of irradiation are met for sa@gL_
standard, the ratio of the induced activity is used to obtam the unk{n?wn _
concentration of the element in the sample. W'

A large number of elements may be determined by NAA An the ) J
sub-m%:ogram range. In man_y cases no preconcentration is necessar_y

€ are no errors 1nduced by reagents or‘ contaminants. There

‘are however, some problems associated with the method. Elements with \

long half-lives require very long activation periods during which highly
radio-active samples may be produced from matrix elements. This requires N
several weeks of cooling to destroy the undesired product.. Also, NAA

s expensive to apply compared to other techniques. -

-

This method is based on the principle that the intensity of {the
> / v

- et e -
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characteristic x-radiation of a given wavelength is a ;Loct1on of the

number of atoms gf the correspondtng element present in the portion of

the sample that is emitting f]uoréscent radiadion. The observed in- .

tensity‘ot_gn analytical 1tpe~oflan element can be related to the‘

weight/of tho element present in the sample. At}e pts by several

.initial workers to ebtain quéntftative results by x-ray methods met
7 with difficulties because of the direct exposure of the untreated sample
to the excitation source [36,37]. Although this is a reasonably sensitive
method, efficiencies of various excitations, absorption, scattering and
diffraction pheoomena are not known accurately enough to permit direct
computation of concentration from intensity data. However, advances
in the developmerit of high intensity sea]ed x-ray tubes and other

Y

1nstrumentation have made the method adoptable for all e]ements heavier

" than atomic number 11.

1.2.3 'ﬁmission spectrosco '
p p'y.mmﬂ

The interactions of thermal and e]ectr1cal radiation with an element,

results in absorption by electronic orbita] transitions and consequent -
s excitation. The excited atoms return to the ground state emitting a pattern

"of electromagnetic radiation. This is the basis of emission spectroscopy

Emiss1on spectroscopy, is an exce11ent tool for rapid survey analysis,

and provides high sensitivity for most elements in the microgram range. ™,
The primary advantége of this Esthod is that a large number of elements

may be detected during a single exposure. Conventiodnl.dc or ac arc,

and ion spark excitation, gas discharge sources, excitation in the

vacuum ultraviolet region and laser microprobe excitation provide

measurement of most elyhents. in the periodic table. . \

-

~

.




" 1.2.4  Atomic absorption spectrophotomtry (AAS)

4

]

|

AAS is the study of the absorptioi of radiant energy by ‘ !’ | .
L . .

atoms. This absorption and its quantifqtive’correlation with the con~
centration of the appropr"iate ions originally present in a samplé:
solution fon{ls the basis of\{nalytic.al AAS. Thi/s method 'has“been used
more widely t\han any othe; method for" trace analysis owing to its
specificity, sensitivity, accuracy and the 'possibﬂi{y of 'H;S application
to most metaﬂic" elements [3'8,39]. Some difficulties may be encountered
inatomizing refractory metals, howev,er; some non-metals h’ke' suiphur
may be determined by direct AA in fhe vacuum ﬁltravio]et region [38].
Phospﬁorus may be determined by abso;ption of a meta stable line [39].
Still other like halides and specific jons like the cyanide fon may be
determined by indirect procedures [40]1 ;

In general, flameless AAS techniques are more sef;sitive'than
flame techniques. Yet the technique of AAS as a wﬁo'le is highly

specific, extremely sensitive, relatively simple angd not too expensive

making it one of the best methods available for trace anlaysis. -

1.2.5. Other methods

A multitude of methods other than those outlined above are
available. Some like radioisotope dilution, stable isotope dilution,

chromatography and spark source mass sbectrometry are in fact sensitive
-enough even for ultra trace anélysis. Yet they do not find wide application

Jdn the determination of trace mefals in biological tissue due to the fact
that they are time consuming. While working with biological samb1es timg
¢ . : .

is an important factor'since many samples deteriorate in less than 24

+
-
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hours, Also theseAtechn'iques réquire quite expensive instrumentation.
Hence no s1ng'le analytical techmque can be 1abe]ed as 'the' most capable A

method. Though each method will meet some of the cr1ter1a for an ideal
method, no technique has all the capabilities [41].
1.3  The Polarographic Method -

\ x
1.3.1 General | \

Polarography is one of the older methods which is now rapidly
advancing in the field of trace metal analysis. ‘
Voltamnetr_y is the study of the entire course of the applied

"‘*‘\

potentia1 vs current curve as th1s ‘exists for an electode of very small

~area (a microelectrode) and a reference electrode of relatively large

area. Polarography is that branch of voltammetry 1nvo]lvi-ng a dropping

mercury electrode as.the microelectrode. Recent advances in electronics

have permitted the designing of extremely versatile mul‘ti-functionﬂ =
bo]arographic instrumentation. Polarographic techniques for trace

analysis are now being applied in the field of pollution with ( | .
particular referencdito water analysis [42], pharmaceuticals [43] rocks

and minerals [44,45] and pest1c1des [46]\ ' * |

Sen!it'iwhes or detection 11m1ts obtainable by po]arograpmc

techniques are often comparable to and, in certain 1nstances, better

b

+ than those obtained by atomic absorption techniques. For example,  the

detection 1imit for copper by flameless AA isg}bout 'lO“Mh;which is
identical to the value of 10-®M obtainable by differential pulse
polargraphy. Anodig¢ strippirg voltammetry offers a detectigtn‘. limit of

approximately 10~10M, '_An important additional feature of polargraphy

2V
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is that this method is sensit%?%ﬁco the respective ionic species
the trace metals,land not to the tdta] element content.as-in various

other‘non-electro chemical methods such as AA, NAA, and Emission

Spectroscopy. Polargraphy and voltammetry offer exceptional potent®ali- ..

ties for the determination, specification and 5hysiochem1ca1 characteri-

zation of many trace mete1s in aquatic systems since normal levels of

most metal ions dissolved in sea waten and animal tissue are very low [48].

1.3.2 Types of po1arograph1c and voltammetric techn1ques
applied to trace analysis

A considerable number of new voltammetric tecnniques have developed

in the past two decades to supplement the conventfcna1 form of dc
po1hrgraphy which has been in existé&nce for almost 50 years [49-52].
Rapid cnrrent dc polarography, Tast (current sampled) dc and derivative
Tast dc po1argbraphy, normal pulse polarography, differential pulse '
pelarography and ac po1arography:are‘va]uab]e recent technqiues; Inverse
or anodic str1pbing po!arograpﬁy has been cited as a very important

method forqlgry low concentration trace metal determination. >

Polarographic techniques are most applicable in the .field of marine

and aquat1c chem}stry because sea water is a particularly favourable

’ med1um for the method. Th1s 1§§9ue to the fact that the presence of

excess salt components in the water e11minates the need for an
additional support1ng etectrolyte in many cases. i

Several workers have applied the techniques of ancdic stripping
voltammetry (ASV) to the ena1ysfs of natural waters. Cu, Cd and Zn have
been determined by Ari€l and Eisner using the hanging mercury drop

electrode [53]. Matson et al in 1965 developed a composite mercury

o e mmpem mmgrr = L 4 1T f rYE rree mmmwmg vm ==y . a4, Y a e et mewen o



" determine Zn, Pb, 6d and Cu [55]. The sensitivity of conventional
.stripping techniques in trace analysis has been enhanced by differen-

‘tial anodic str{pping vo]timmetry [56]. The technique has been

' determined by manual dc polarography [59]. Tapwater, natural and -

" ographic analysis. , .

1)

-9- -

»

graphite'electrode to determine Pb contegt of varipus naiura] waters

[54]. Single electrode anodic stripplng&v01tammet y has been used to

extensive]y used in determ

v

ination of Pb, Cd, Cu and Zn in biological
. \ ;
materials [57,58]. Cd and Pb in cannéd beverages and foods have been
various waste waters have béen analysed by differential pulse stripping
valtammetry [60,61]. Becau%e of .its ability to determine the very low

amounts of ‘elements as may be present in the human body or in drugs,

{
differential pulse pq]arogrﬁphy finds vast applications in the field
of medicine. f |

i 4

1.4 Purﬁose of Experimenté] Work and Investigation

The purpose of this experimental work is tO\Anvestigate the

/
possibility of using differential pulse polarography to determine trace
metals in fish tissue. This includes the methodology of preparing the

tissue, supporting electrolyte and standard solutions prior to polar-
’ ,;’-7 . .

© L

The investigation will cover tﬁe determ{nation of the trace
elements Cu,‘Pb, Cd, Zn and Ni. These elements Qere selected as typical
of the trace metals presently under investigation as to single and
multiple toxicity to various fish species. Generally, the determinat on
of trace metals in fish tissue is carried out by flame or f1ame1éss tomié

!
absorption spectro photometry. The purpose of the application of differential
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pu1sé polarography in this| study is to devise a §atisfactory technique,

other than this methodology, for application to fish tissue. Such a

satisfactory technique of analysis would provide an alternative where—

atomic absorption equipment|is not available, and an auxillary and

supporting technique where it is available. -

i
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~the INTRODUCTION, is to explore the possibility of using the differential

pulse bo]arographic technique in the analysis of fish tissue to determine

-1 -

. . CHAPTER 2
\© THEORY AND INSTRUMENTATION

Introduction

Basically the purpose of the exper'lmentajlwork, as outlined in .

quantitativety the trace metals copper, lead, cadmium, zinc and nickel.

In order to carry out this objective the following general approach was

taken.

(a)

(e)

Fish had to be obtaiped with a known backgroimd of no exposure
to experimentally induced high ]eve1§ of the trace metal
analytes c;f importance.

The whole fish had to be reduced to-a homogeneous mass for
sampling purposes.

A reliable dry ashing techr),i’/qué, with acid take-up of the
resultant ash, had to be found and applied. E
The fish tissue sample had to be analyzed, by appropriately
reliable atomic absorption methodologies, to establish

values for the levels of the analytes of importance. These
determina;;i'ons were required to prdvide a comparison basis

for the results obtained subsequentily from the dpp technique.- .
'Sup;;orting eleétro]yte (s) capable of permit'ting the polaro-
graphic detgrmination of the analytes had to @ reviewed

and the most suitable chosen.
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(.f) The limits of detection for the dppﬂ technique had to be
explored for each analyte. o A

(g) A reliable spi-king techn'iqu»e in the treatment of the fish

‘ tissue samples had to be deve]opedﬁin order to permit

elemental detém‘lngtion reasonably free from possible
matrix pertqrbation;.

(h) - Finally, the level of each trace metal in homogeneous whole
'fish samples had'to be determined by dpp/spiking methodologies

and the obtained results compéred with those from the atomic

absorption téchnique. ~

2.2 Voltammetric and Polarographic Principles
2.2.1 Genera] : ‘
Much of the following derives from J.G. Dick [62], L. Meites [63]

versus applied poteintial curve as this exists ‘for a working electrode

of very small area (microelectrode). and a reference electrode of re-

latively large area. en a mercury drop‘wor"k'lng electrode (dme) is

used as the microelectro e,' the techn‘ique is generally classed as - i:if

polarography. |
The area of the microelectrode used in these applications is |

relatively small, resulting \in an extremely low current flow through

the solution (in the microampere range). Because of the very low current

value, the voltage &rép through the solution is almbst negligible and

the appHe’d potential will be irtuaﬂ'y equal to the potential between

the microelectrode and the‘réf rence electrode. With increasing applied

potential between the microelectrode and the reference electrode, the




value (E) for ‘the galvanic.cell, the galvanic cell half

reactions:- / ’ | .
/ N
§
R - ne-z=0 microelectrode, negative |
Hg+ + le & Hg SCE reference, posit1veh \

will take place. 0 and R are the oxidized and reduced states for the

-

ion species providing the negative electrode reaction, and Hg+ and Hg

j . o -
are the oxidized and reduced states for the positive electrode react\on;

In this case current jn the external circuit flows fregm the micro- |
electrode to the reference electrode. . A K
(i1) When tig/gpplied potential is, exactly equal to the value of ‘
poﬁzﬁ%ia] (E) for the galvanic cell, an almost zero current

w31 flow. Potentiometric measurements are made under this

condition in the normal burrent?voltage relationship. T

vdlue of the applied potentiaf at this boint, in conjungtion
with the known reference electrode potentié], will yiel
. the microelectrode potential. Through Egé Nernst relaqion

ship:- o , f ‘

_ O 0.059 0] (oo
Eing. = Epom * 5 Tog fff (28 c\)

o

the value of {%}-may be obtained. Q

/

(i1i) When applied potential is more negative than|E,. the cell

P

0+ ne = R microel ectrode,, cdthode

SN/

reactions,

.‘/
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o

B
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A

Hg - le = Hg'

will take place.

LY

- [
e e

\\‘ v
] cell reactions occur the

Whenever galvanic or"elqétro1ysi

>

enerally BE\?orportional to the
A 5 Y

- (b) -  the gﬁnvection effects related to -the e?ficiency of solution

current and diffusion current contf%gutions to the total current. In

-

polarographic work ‘the ate'of arrival of 0 at the electrode surface

should depend basically on the diffusion current. Hence the convection

<

effect and migration ¢ffect should be minimized. The convection effect

is minimized by keepipg the electrodes static, and by avoiding sti;ring
. the soﬂution.n The mfgfation éffect is minimized by providing in tﬁé

solution, for cathodit microelectrode reduction processes, a high con-

o

centration of a positfively charged ion. This ion should be attracted

3 ¢

@ e i

v’
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-to the cathode but, in the so]utioqﬁmedium involved, should not be dis d‘“&

charged or reduced. The concentration of such a SQbstance, called the

suppofting electrolyte, must be relatively high comparéd to. the concen-

, tration of 0 in the bulk of the solution. .
% : .
Once the convection and migration_ current contributions have been

s/ A}

minimized,:0 will reach the electrgde surface almost exclqsive]y on the

basis of the diffusion and the current will then be dependent on this
i

diffusion process,. For the cathodi&nnicroe]ectrode reaction 0 + ne&R,
we define [0] in the bulk of the sogion as Cy and [0] at the micro- -
electrode surface as (g, (x=0), where™% is the distance into the solution

q - /
fran the microelectrode surface.

) 2.2.2 The plane-surface microelectrode b

»

. When the applied potential at.a p1ane-surface cathode attains a
slightly more negative value tHan the equilibrium potential for the
original solytion the react1on 0 +nez2 R, w111 take place with the value

of C, (x=0) becoming less than Co- The current 'i' through the solution

will be controiléd'by the rate of diffurion of 0 to the electrode surfacé.
: ’ 6, . S " y
Rate of diffusion of 0 = D — . (1).
, . Ax oo
where: - o '
Rate of diffusion of 0 = moles of 0 diffusing to the 3
<. electrode surface per cm? per sec. %
T . N ~ ’\\‘ E
p D, = diffusion coefficient, cmz/seg.
* ‘ = - = 3 ’ ::
‘ ‘ ac, = €, Co‘(x o), mol/em?, . ;
- ' bx = distance from electrode surface

to point x in solution where (o]

equals C,, Cm .

-ty - " T T AT, T v e as o A rowme e
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»The value of Do'depends upon the nature'of_jhe reaction’ 0 + nefée@,
As the cathodic potential becomes more negative, the value of Cb (f=0)
dqcreases further, and with an applied poteﬁtia] value sufficjently
negative to allow {pmediqte reduction of 0 upon arrival at the electrode
sufface Cod(x=o) becomes much less than Co and approachgs zero. Un?er
these conditions, theﬂyalue of ACO = Co - bo (x=0) becomes entirely
dependent on Co. The value of Ax will increase-as the élggtrolysis
'time increase§ since the fronf of the depleted [9] zone will move further .
into tﬁe solution with time. Consqugrt]y the éur;ent through the
solution will be the diffusion currenzxzb. The number of moles of 0
arriving at the electrode surface per cm® per ;econd is given by N in

the expression \

N = C q4/-2 l "(2)

wﬁéré:- C0 is in moles per cf®, Do is in cm? per sec, w has the con-

ventional value and t|is in seconds, representing the time from the start

of the etecfrolysis. !The current id is given by

nFAN ) : (3)

. = nFA co.‘lfg ' L (4)
/ 7t

b3
=
]
S
o
[}
>
1

the surface area in square centimeters .

-
il

the faraday at 96,490 C/equiv.

When C6 is expressed as millimoles/litre, i, will be given %n
microamperes. Equation (4) is time.dependent and ff is not possible /
to guarantee that id measurements will be madg'at the same value of t

\ for all systems. Hence a plane surface mid}oeleétrode is not immediately

~




27 - .

adaptable to quantitative—analyticalopurposes where i, should be

directly -proportional to Co'

" 2.2.3 The droppin£¥mercuky elgctrode (DME)
% The‘time dépendency of id may be significantly feduced when a - .
dropp1ng mercqry e]ectrode (dme) is used as a microetectrode. The dme
'cons1sts essent1a11y of 3 pure mercury reservoir connected to a glass
| capillary tube. The tube is fixed vertically in the solution and the \
_7 head of mercury (the distance“from‘the level in the reservoir to the °
capillary t1p) is such as to yield a drop life of 2.5 to 6 secs. Tﬁb | '

b

drop size at the moment of d1s]odgement is generally about 0.5 mm in /

radius. . 1 )
As opposed to the plane-surface electrode the dme is spherical with

the surface area of the dme increasing during drop 1ife and being given

by:- .
T A= g (T%)z/s m2/3 t2/3 - (5)
where:- ' '
| A = drop surface area cm? in time t
d = density of mercury g/cm? e *
< - m = rate of flow of mercury intoAerp g/sec
t = time during drop life, sec.

In addftion, in the case of tbe dme, the surface of the drbp
moves into the solution during d;gp 1ife. This effect can be éoﬁpeﬁiy
‘ibx sated for by multiplying the rate of diffﬁs*on by a factor of Vf§7
Substituting the value for A in equation (4) and multiplying

byv’g .

e e e = &
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- 18 =

nF41r( )/ 2/‘1:2/3{_ J_to (25°c)

708 n\2/3 tt/e p /2 c (6)

un

The above expression relating 'id and Co is known as the Ilkovic equation

[65] where iy is in microamps, C_ in millimoles per litre, m is in

0.
mﬂ]igrar‘ns per sec. The value 708 holds good at 25°C and includes the

v

density of mercur_y as 13.53 g/cm?.

For a single drop the diffusion current versus\tme curve is as

i

sh(;wn in Fig.:(1). ‘

It can be seen that the diffusion current grows rapidly during the.

|
early stages of drop 1ife, eventually reaching a plateau value. The

plateau section of t'h'e currenté*epresents the 1d value based on Co.

Repetitive drops pravide identical 'id values at drop dislodgement, and
the current versus time curve is,as shown in Fig. (2). The area under
the id vs t curve to the value of t = 1 yields the quantiT.y of electri-
c%ty consumed in the reduction of 0 to*R during this time interval and

quantity of electricity consumed, Q is

i u .
T T : ’
Q= [ i4dt = [ 708n m*/*¢1/6 /2 dt
.o v o | 0 0
= 607'n m*/* p /2 ¢ v7/¢ (25°C) (7)

Jf time average diffusionl'current over the entire drap-life is
defined as iy » then:- ., )
Q = id T . .

-

¢ R ‘ , | '
607 nm?/2 p t/? ¢ ti/¢ (25°C) (8)

-1
3
[= N
-
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a
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Figure 2: Repetitive Mercury Drops:
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2.2.4 The pol'arographic wave

The above équatioﬁ is based on the assumption that Co (x=0) is
| neg'iigib]e (practically = o) before drop dislodgement. In the event

Co“(x=o) is not equal to zero the ITkovic equation becomes,

ra 1/2 .1 - '._.' ° '
i = 607 nm2/2p /2 /e ;co C, (x o)f‘ (25°C) _(9)
- ! '

or i = i4; - 607n m2/ 3 DOI/Z‘T‘/s C, (x=0) (JQ)‘

Considering the reaction 0 + ne = R if we define CR as [R] at . .
.t 4,
electrode surface,

< ) = - -
Co - G (x=0) = ,CR‘.(x-o)
Therefore, ,
i = 607 nm/? DRl/2 11/5'CR (x=0) - DEREAD)
From equation (10) and (11) | 7
c 02 3, - 7 S
. . 2 (x=0) = X A d_ , (12) *
iﬂ , Cp - ICE ‘ |
i Applying the Nernst relationship,
s 1/2 .3 _ 3
: e g 0dse L R Ao ‘
] /R 0/R n g 001/2 H .
-~ % 0.059 Tg -1 0 g
= EI/ZO/R t =5 log (25 C)' (13)
’ o 0 1/2 .
. 0.059 R
FERS SN SR S N :f‘%f-r‘ W el , SO W s e e T ad dake zym:gﬂx&kwm
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A poférographic curve is obtained by p1otting,? VS EO/R and .a typical

plot is shown in Fig. (3).

2;2,5 Residual current

In the absence of any sbecies 0, the current through the solution
with increasingly negative applied potentials should be zero, until
hydrogen ion is discharged. But frequenp]y this is not the case. K/‘
fésidua]fcurrent 1; exists.in the absence of the metal fonl This origin- -
atés from two sources.

(1) the faradian current if involving the reduction of traces N

of impurities, including éisso1ved oxygen in the solution. ’ .
(ii) the condénser cdrrent ic invo]vih§ a double Tlayer forméd:

at the dme surface-solution ‘interface, as a results of

, éJectrostatic interaction and adsorption effects. If the ./ e

_mercury drop is positive with respect to the solution anions.

\ are attracted and cations are repelled and vice versa.

The interface is comparable to a capacitor of large capécity.

The capacity of a capacitor with two parallel plates is

| proportional to fhe area of the plates. Since the area

of the mercury drop increases during its growth fhe capacity /

of, the doublellayer also increases continuously during

-

- ~ drop 1ife. The capacity ¢, is given by,

c = ¢ 4’1Tm2/3.(_-§—)2/3 t2/3 : (14)

47d
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where: : \

‘ c' capacity for an electrode”of area 1 cm?
. . 23 _3-2/3 . I
b = Am / <4nd . | ‘

The capacity ¢ must be kept charged at the difference of

potential between electrode and so]utidh and by definition of . a capacity

\\fhe following relationship is possib1e.' . p
P . q=c (E-E) : D)

where: ‘ ' .

q = quantity of electricity involved in the charge
of the capacitor of cagacity c
E = potential at which q = o /?““"‘ ~ - .'i‘~~
m . e
E = potential at which q is expressed. .

m
electrode (eg. SCE).

PotentialsiE_ and E are measured with respect to some reference

The electrode has a positive chargg when E > Em.-,bifferentiation
of equation (16) with respect to time results in the capacity current
i .

"ic=§%=—g{-(5-sm)+cg% (17)
Since the potenti&] of the dme is essentially constant during drop
life, the term %% in eqdation (17) can be dropped. Combining the result-
ing equation with e&ﬁ%tion (15), the instantaneous capacity current is

<

given by,

. _ 2pc' (E - E)
‘|c = 5%75 m . . ;,l (]8)

- ‘ e - - . N : 53 Wi E 19 T
—~— g RSB EA " ; [IRES. - CIE SNt 0 IV IR I IPPRIR AR MY, . (9. - T gty g
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The évérage capacity current during drop.Hfé will be, .
. ' : L g
foo= [ d.dt o F
Q
| pc' (E-E) .
= —0 ~ (19)
. gl/3 , :

L

In the above equation ;c s expréssed in émperes, c" is in farads/cm?,
(E-Em).in volts and T is in sec'onds. p may be calculated by gxpressiﬁg Y
m in g/sec and d in g/cm®. ) B ‘

v.Equation (19) shows that current varies Hnear‘]y with the potential
E anfi capacity ¢' Co alsq varies with E and hence ilependence of ic on

* ' potenti.al is quite complex. Capacity' current is equal to zero when . -

E= Em.
Experimental currents measured with the supporting electrolyte
- alone are often larger than the value predicted in equation '(19),
because of the faradian current if Thus the residual current is equal

to the sum of hqycapacity current and the faradian current.

The order of magnitude of the average capacity current can be

Jjudged from the following example:

if ¢' = 20 uF cm
)
1 m = 10"% g/sec
E T = 4 sec
v , .
) E-E, = 1 volt, |
’ LA i_ has a value of 0.054 yA. . : o f

g c
The average diffusion current calculated from equation (8) for the same

value of m and T 1is,

[N
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g

i, = 2.40xCo )

d

where, Cb is [0] in the bulk of the solution. If C0 is IO'SVmoles/'Htr'e

the average diffusion current

B s S e

?d = 2.40 x 10°5'A -\
}
= 0.024 A

e - e

- This value is much smaller than the value 0.054 uA, calculated for
capacity current. The resulting wave is so distorted that precise
dete'rmi,nations of 1d is virtually impossible. Hence conventional d.c.

polarography cannot be easily applied to determine concentrations helow

R

107° M [66]. -

2.2.6 Differential pulse polarography (DPP)

The differential pulse polarographic technique o‘m‘gina’ll‘y developed !
as an off shoot of square wave polarography, consists of superimposing
a fixed height potential pulse at a regular interval on a slowly

stepped potential as associated with dc polarography. The pulse is

repeated for each drop and is synchronized with the 'period of maximum
growth of the mercury dr:op.\ Figure ( 4 ) indicates the general situation.
The dpp instrumentation then samples the current flowing ir;to the

working electrode twice during each operating interval by use of
electronic switching and crystal timing. The first current Qamp]e taken
just before the application of the potential pulse would be equivalent

. to that obtained in the normal d.c. polarography. Immediately after the
sample taking proces;;, a sudden pulse of potential, usually between 5
and 100 mv is applied. to the electrode. The application of thisursudden

change in potential produces a concurrent change™ in the current flow.

@
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Polarography and Pulsed Strippin% Yoltammetry.
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: " First, add1t1ona'l current must flow to change the double 1ayer

capacitance of a&he electrode to the new applied potential. Simu1taneous1y

\\ / an additional cur‘rent may (ﬂow if the applied potent1a1 has changed to
/ a potential where the equilibrium between O and R is shifted.
: , The pulse potential is 'maintained for a period of time 1gng L

P enough to allow the capacitance current to decay to a low va1ue. During

- /tms time the faradaic current also®decays somewhat but stﬂ] does not

. reach.the diffusion-controlled level. At the end of this per‘iod a
/// " current sample is taken again. The difference between these two current
samples (developed bydapplying the two signals stqred in the memories
to a differential amplifier) is then amplified and presented to the out-
put of the system. This difference current-curve, which is proportional
to the concentration of 0, has the appearance of a peak rather thar{ the

usual polarographic step

't
)\,'i

The dpp technique has many advantages over the conventional dc a"
@ method. The most significant is that the 'inﬂuence of the capacitance\}
current is minimized by the pu]smg and samp]mg process, providing for

peak relationships which improve resolution and for a cons1derab1e

lowering of the detection 1imit for the concentration of 0. ¥ AN

. 2.2.7 Pulsed and direct stripping vo1tamme£ry

Pulsed and direct anodic ;tripping voltammetry are techniques
which are applicable exclusively in analysis of metals. They are based
on the premise that significant increases in signal strength can be
ob tained by concentrating the metal of interest into a microelectrode
before obtaining a reversed curr:ent relationship. .,

In the basic dc anodic stripping process, a suitable static

-

<
L

Y

s YO
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: .mercury microelectrode is im‘ti’aﬂy maintai:bd at a specific known
poteni‘.ia], nzo'r negative than the reduction potential of the metal of
interest and for a known length of time. The metal deposits on .the'

\ -
electrode at’a rate governed by concentration and its rate of arm‘va1

' $‘t the electrode surface. It then forms an ama]gam w1th the mercury
) - - » -
At the end of a known permd of time, a specific amount of the metal ¢
has been deposited at the electrcdde surface. At the end of this process,

a potential increasing in the positive direction is applied to th7

)'\

electrode, and the current obtained 15 mea%ured as a function of potential

: ' so that a peak wa've form is obtained, see Fig. (5).
Differentia] pu]se,a'nodi"c stripping voltarrrnétry differs from dc

" anodic stripping voltammetry only in that theuoxidation process is:

studied through the use of the same pu]se-modulated ramps d1scussed

e

7
under dpp. The depos1t1on process is carried out in exactly the same

-

way. Sigmﬁcant’ly lower detection limits can be obtained because of
the concentration effect in the n}grcury. microelectrode and the greater
signal p)rocessing capabilities of the pulse modulatioﬁ technique. Where
dpp app]icat%n is used, this allows shoﬁr‘ter deposition times thus

-

. minimizing e]ectro%%nstabﬂjties. e ) . S

2.3 ;Instrumentation.
. 2.3.9 General ‘ - | \
Thr}uqhoutf'the eXperime[\fal work specific atomic absorption
spectrometric equipmeﬁt and voltammetric/polarographic equipment was
used. Following is a general desbription «of the pni‘ts 1'nvo¥2ved,/to-

gether with relevant operating paramei:erSu

4

<
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2.3.2 Atomic absorption instrumentation

The following instrumentation was applied in flame and"ﬁéme]ess'

methodologies of trace metal detection and determination.

Atomic absorption spectrophotometer Perkin-Elmer, Model 503

Background correction ‘ (a) Normal double beam

‘ | (b) D, beam
Recorder Perkin-Elmer, Model 56, o L
Carbon furnace . Perkin-Elmer, Model HGA 2100 i \
High temperature lamp . * .  Perkin-Elmer, Model 057-0850 ° ‘

Hollow cathode 1ampsand

4

electrodeless discharge lamps

~

Standard metal solutions © Fisher 1000 ppm standards.

2.3.3 Voltammetric/polargraphic instrumentation I |

Polarograph Metrohm Herisau )
Polarecord Model E 506 %
Polarography stan ' Metrohm Herisau, Model E505
" Mode { T e
"Potential range (AU) -3.0v, -2.5Y, ...., -0.25‘v\,\\ -

40.25v, +0.5v, ...., +2.0v
Voltage steps . The voltage range set on is
. divided along the standard
N polarogram length of 250 mm
;into 1000, 500, 250 or 125
equal Vo]tage steps according
to the setting of the "mm/t drop"

swi tch_. -
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Pulse amplitude = ' adjusta%?é w1’t/t1 10-turn poten- o
" tiometer, rangé +100 mV.
Pulse duration . - 60ms "
D_aqlp%‘ng-; rahg: ] ~ 20,1, 23
Drop times - ’ _04 0.6, 08/101§\14§
I % 2X, 3.0, 4.0, 5.0 and 6.0 sec.
' to Recorder L " -~ servo-compensating recorder B
' Paper a h " EA 998/3 o
N
N Al
. S ’




RS )
- i
- N -
. ' o N ’
S L
‘ . - R )
\ .
- N )
4
A
’ ’ o
’ : " CHAPTER 3 .
EXPERIMENTAL APPROACH AND RESULTS
. &
’ ’
- ' , %
1 .1‘ . v a
) . 3
' “e
! -
1 * ¢ ; !
p) ¢ 1
. . 1
1 I . .
. . ) ,'4 -
' {
i [:
». .
»
!
1 . : f
o ' .
. L8 » .
. [ A |
) .




o

DR T - IS
PR AT O Su i Bl - AR by

so-32 - ' .
. ) ‘ . /\ .
CHAPTER'3 - \

- EXPERIMENTAL APPROACH AND RESULTS. . ?

1

3.1 The Fish Tissue Specimen

: PR
A considerable quantity (500g) of whole fish in’ the form of rainbow

trout (Salmo gairdneri Rich.) ;vas obtained from the Department of

—

‘Biological Sciences, Dr. P. Anderson's fish toxicology research group,

¥

Concordia University. These fish were supplied in two batches. One

"~ batch had never been exposed to experimental conditions involving elevated -

trace metal contents in their water and/or food. The second batch,

unknown to'th'e Quthor At th;e time, had been exposed to high levels of

n1'\cke1 in the water and/or food. This second batch was obtained sub- ¢
sequent to the ana]&sis of the first batch for copper, lead, cadmium

and zinc, and was requjred to carry out detérminations af nickel in

fish tissue. It was .appreciated, therefore, when detailed information

was provided relative to the history of the second batch, tﬁat nickel

con};énts higher than normal might .be obtained for this porti{on of the
investigation. _ '

In the case of both batches, the whole fish werg dried to constant
weight at §5t5°c. ~Each batch was subsequentl1¥ macerated in 50 - 100 g
weight lots, using a 2-inch test tube as a pestle and a polyethylene )
beaker as a mortar. The fish skin tends to|form tissue balls under this

form of’macerat'ion, and these were crushed immediately to avoid a time-

hardening action which yields difficu]tig in the subsequent ashing

.procedure. N ' -~

For each bé\tch, the individual groups of macerated fish were




| /

thoroughly mixed together, and each homoégneous batch was re-dried at

[

ssi 5°C. Both batches were subsequeﬁt1y stored iﬁfa good desiccator.

X
-

3.2 The Dry Ashing Procedure Prior to Atomic
Absorption and Polarographic Analysis

A methodology for the dry ashing of fish tissue was suggested by‘
Dick et al [67],s this technique being used to prepafe fish tissue prior
to the determination of arsenic by the atomic ébsorption hybride
generation method. The same generalltechnique was applied by De Luca
‘L68] in the preparation of fish tissue for the determination of copper,
lead, cédmium, zinc, nickel, vanadium, etc. Fer all of the metals iisted,
the temperature characteristi;s.of the dry ashing procedure allowed
ashingwwithcut significaﬁt me£a1 loss. This technique was therefore
applied in this study and involved:-
(a) Measurjng out a 2.0000 * 0.0002 g fish tissue sample from the
homogeneous mass and transferring %t to a 50 ml pyrex beaker.
(b)  Providing an appropriate blank sample beaker.
Placing the samples and b]anks in a muffle furnace and sub-
jecting them to a temperature cycle of:-

30 minutes at ‘ 100°C
30 minutes at 150°C
Increase of 50°®30 minutes to 500°C
Overnight (ca 12 hours) at ' 500°C

This approach yielded heavy smoke at 250°-300°C.
Removing the ashed samples and blanks, allowing them to cool
to room temperature and adding 10 ml of concentrated nitric acid.

Digesting the treated samples, without spattering, for 20-30

[
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A

concentrated nitric acid..

(f) Evaporat1ng the solution to dryness without any baking action.

x' Tq)th1s p01nt, the method qf tissue preparation was jdentical
%egafdless of whéther the atomic absorption or polargraphic techniques
were to be applied éubsequent to this, the preparation procedures
differ slightly. For the atom1c absorption approach the f0110w1ng was
carried out:- ; ‘ .

(g) (1) Taking ué the dried so]utién with 0.50 £ 0.02 ml1 of
-concenty%tqﬁ hydrochloric acid and swirling to dissolve
as mucﬁ residue as possible while warming at 60-70°C.

Diluting the cooled-solution with 24,50 + 0.02 m1 of

1 percént by volume hydrochloric acid. , \

& For the polarographic approach, the take-up technique adopted was
almed at reducing the free HC1 used, and cons1sted of:-
(g) (2)  Taking up the dried res1due w1th 0 200 £ 0.005 m1 of "
concentrated hydrochloric acid and swirling to dissolve
as much resi&ue as possible whi]g warming. Diluting
with 29.80 * 0.02 ml of the appropriate subporting

electrolyte solution.

3.3 Atomic Absorption Determinations on Fish Tissue - ¥

3.3.) Preparétion of standard concentration solutions

v B ! 4
- Appendix A (A1-A2) indicates the stock solutions used and the

preparative procedures for the standard concentfation solutions required
v ’

for the determination of each trace/ metal. The preparation of spiking

solutions, differing from the stander so]ut1on ranges, is also shown

in these sections. -

-

ow

Ak
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3.3.2 Determination of trace metals in fish tissue

) T
The following outlines the procedures adopted for the atomic

N

r

determination of the various trace metals.
Cadmium .
The cadmium detécminations were carried out by the "flameless"
6r graphite furnace methodology, this approach being dictated by the
expected Tow levels of cadmium content. -
iluted stock sglyt{ﬁns were used to prepare a set of six standard

4 o

concentration solutions required to establish the concentration cadmium

.versus absorbance data. Using a blank for correction purposes, each

standard solution was tested by injecting a 20 uf sample‘into the
graphite furnace. The blank-corrected peak absorbance values were
recorded. The operating parameters involved are shown in Appendix A
(A-2). For eaéh standard, multiple injections were carried out, and the

peak absorbance values and associated average values are shown in Table

“A-1. The plot of peak absorbance versus cadmium concentration is shown

in Figure A-1. It will be noted that, because of the extended concen-
tration range, this plot showed a.non-linear relationship to exist.

Six 2.0000 + 0.0002 g dried fish tissue samples were weighted out,
together with a blank sample,.and these were subjected to the dry ash-

ing and acid é%ke-up procedurés’out]ined in sectlon 3.2. The final 25 °

|
- ml solution volumes were sampled by 20 u& injectjons to the graphite

furnace, and the resultant peak absorbance values, averages and standard
- . _ s

deviations are indicated in Table A-2. Ignoring the possibility of a

matrix-effect distrubance for the cadmium signal, the Table A-2 data

pes

can be used, with the Figure A-1 plot, to yield solution concentration

¥
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Qa]ues for cadmiJm n each of ;He six ;amp1es and cadmium 1evgls in
dried tissue. ThésS;;Lg shown in Tables A-3 and A-4. The overall
average value and standard deviation results in a level of cadmium in
the dried fish tissue of:-

1 0.048 £ 0. 006 ppm

Following these tests, each of the six sample solutions was
treated by a spiking techniqhg. This involved taking 4,00 ml of Fhe
“original solution and spiking it with 1.00 m of a standard 0.200 ppm |
cadmium solution. 20 u% volumes of these spiked solutions were injected . \\
into the graphite furnaée in a replicated test manner far each sample. |
The absorb&nce peaks, and associated aveéage‘and standard deviation .

values are indicated in 1$1e A-5.
Beéﬁﬁse of the non-linear nature of the Figure A-l_p¥ot, the ~

effect of the matrix on the cadmium signal, if such an effect exist§.

can not be corregted for by this particular application of the spiking"
method. Figure A-1 aﬁd the Table A-5 data were used so as to obtain,
for each spiked solutiony uncorrected cadmium concgntration values.
These are shoyﬁ in Table A-6. ‘
From these values, and using a specific calculation method the
ppm value for cadmium in dried fish tissue was determ1ned. The cal-
cq]ation method, using sampie S, as an example, involved:-
(a) spiked soln. conc. = 0.050° ug/m'l'=~0.2525 ng/ 5ml ) ' -]
(b) spike value § 1.00£0.01 ml of 0.200 £ 0.002 ppm = 0.200 £ 0.004 ug :

(c) contribution of Cd from _ - ) Cand =0 AE2S 2D O
fish tissue. 0.252-0.200+0.004 =0.052° + 0.004 ug

-

(d) C€d in dried fish kissue _ (0.052°+0.004 pg) x (25.000.04 mi)
(4.00£0.01 m1) x (2.0000+0.0002 g)




= 0.16 £.0.01 ppm

The valge of $+0.01 represents a progréssive maximum pbssiblé error,

oA

Similar treatment applied to each of the 6 sémp]e data yielded

2? the values for dried fish tissue shown in Table Afj. The overall average
@% h and'standarg deviation for cadmium in dried fish tissye, as obtained by
:%~ the spiking method, was:- .
0.09 + 0.05 ppm | 2
f \ The significant magnitude for %he standard dev%htidn has its
g _origin in:-. - - , ' N
i | (a) The fact that, outside the 1inear relationship zone, absorbance
% peak va]ﬁes tend to be erratic.
) (b) " The lack of Tinearity necessitated the use of the absorbance
peak versus concentration plot, with further uncertainty in ‘
' .the concentration values obtained. .

(c) The large spike, value for cadmium relative to the fﬁﬁ ‘ E
contribution of cadmium from the fish tissue resu1§§d in
variable by-difference at a Tow magnitude: Such variable ' J}
and low by—gifference valies tend to yie]dlrelatively
large varia;ions in’ the final ca1cuf§{ed data for cadmium
in the fish' tissue.
It is felt that the value of 0.09%0.05 ppm, as obtained by the

_sp;king technique, is 1ikely to be significantly affected by points

(a) to (c). On this'basis it is worthwhile to note that the non-spiking

‘procedure yielded a value of 0.048 £+0.006 ppm for cadmium in the ;Zsh [
F

tissue. Using a similar fish backgrourd, but different batches,

s

. Luca [68] obtained a value for this trace metal of 0.032+0.002 ppm,
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and this agrees reasonably well with the non-spiking value found for
this study. ) %

K

Copper I

The copper determinations were carried out by the flame technique,
this being based on the copper level being sufficiently high to perw1t
"its use. ' »
Diluted stock §o1utions of copper were used to prepare a set of
six standard concentration solutions required to esta51ish the concen-
tration copper versus absorbance data. Using a blank for correction’

purposes, each standard solution was aspirated and the blank-cofrected

¢

absorbance values were recorded. The operating parameters are shown 1in

Appendix A(A-3) and each solution was tested on a replicate basis using
a 3-sec integration signal. Table A-8 shows the average blank-corrected
absorbance values. .

n ) . k4

The Table A-8 data indica®es a linear relation for absorbance -

versus concentration, with Tinear regression data:-

coefficient of correlation, r = 0.0089
" intercept on absorbance axis, b = 0.001 ////
s1ope, m = 0.0606 ’
yielding a linear equation given by:- # .

. _  absorbance - 0.001
concentr§t1on Cu (ppm) = —0.0606

Six standard 2.0009:t0.0002 g dried fish samples were weighed,r
together with a blank, and were subjected to the dry ashing and acid
" take-up procedures indicated in section 3.2 The final 25 ml solution

volumes were aspifated and the resultant replicate 3-second integrated

absorbance values averaged. The data obtained is shown in Table A-9,
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¢

along with the solution _congentration of copper as calculated from the
linear equation. Use of the formula:- ' 7 T

orig.soln.conc. (ug/miyx 25.00+0.04 m

L Cu-in dried fish tissue (ppm) =

2.0000 * 0.0002 g

(20)

. now yielded the values for copper in dried fish tissue shown in Table
‘A-10, with an overall average and standard deviation. of:-
~4
= 6.0

Cu in dried fish tissue 0.5 ppm

L] R
The approach indicated above does not take into consideration the

signal perturbatwn from the so]utwn matrix, and a s)pikmg techmque

was now apphed to permit compensation for any such effect. This in-

volved taking 4.00 ml of the original so]utm&'and spiking it with &

1.00 ml of a 2.00 ppm copper standard solution. These spiked solutions
were then aspirated and average absorbance values as indicated for the °

previous tests. The data obtained is shown in Table A-11.

The formula
shown below was now used to calculate the concentration of copper in the

original solution before spiking. Solution ST is used as the example.

(a)  before spiking 0.031"absorbance = x pg/ml Cu
(b)  after spiking 0.049 absorbance = 34X }éng 2 19 ug/ml Cu

x=0.512 £ 0.017 ug/ml B -

Subseqlxent]y the solution copper concentration for each sample
‘was used 4n equation (20,)4‘:0 yield the ppm copper dried fish tissue.
The data'in these,f,conncections is shown in Table A-12, and the overall
average and standard deviation for cop;;er in drie;d fish tissué usi'ng Xthe
spiking technique was found to be:- .,
6.1

Cu in dried fish tissue = + 0.4 ppm

<




- 40 - v
\ . .-
It will be noted that the values for the copper content in dried -
: . ) I
tissue from both approaches agree quite well, the averages and standard

™deviations showing only random error differences when tested by the

F(0.95) and t(0.95) tests.
e X

%.5;2 _ 1.56 < F(0.95) = 5.05
.4)2 ) n,=6,n,=6 :

¢ - 6.1-6.0 JBx6 .. 0.35< t(0.95) = 2.23 )
. ) 0.49 6+6 . ﬂ1=5>:ﬂ2=5 B ) . i

"

o

F

(=)

It is felt, neverthe]ess; that the value obtained from'the spiking
technique is the more reliable one. The value oBtained bf De Luca [68] -
at 3.9 +0.3 ppm for copper in a similar fish type is apprec;ébly lower,

but represents work carried out on a different specimen batodh.

Y

Lead

¥he lead determinafions were carried out using the graphite furnace )V
methodo]ogy, thid being reqﬁired because of the lead level in fisﬁ tissue
‘being relatively low.

Diluted stock solutions of lead Wwere useJ to prepare a set -of six
standard solution concentrations required to obtaip the concentration
lead versus peak absorbance.data. Using a blank for ¢correction purposes,
each siandard solution was tested by injecting a 20 uf sample to the A
furnace. \The blank corrected peak absorbance values were riforded.

The operating parameters are shown in Appendix A (A-4). Each 'sample was

tested with replicate injections, and the averaée peak absorbance values

" are shown in Table A-13. The plot of peak absorbance versus concentration
is shown in Figure A-2. It w{11 be no?ed that, becadse of the extended

concentration range adopted to avoidﬂaquuoting, this plot showed a

LR -
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non-linear relationship. .
§jx 2.0000 *+ 0.0002 g dried fish tissue samples were weighed'out,
together with a blank, ;nq‘thbse were §ubjected to the dry ashing ;nd ’

take-up procedurg outlined in section 3.2 The final 25 ml volume

solutions were tested by injecting replicate 20 ul samples to the
furnace, arfd the resultaqt peak absorbance values Were éveraged. The
data obtained is shown in Table A-14. Ignoriné the possibility of ) “ “;
mat%ix-gffect& 6E'fhe lead signal, the Table A-13 dat was used, with .

the Figbre A-2 plot, to yield solution lead concentrations and lead
' »

levels in the fish tissue. These data are shown in Tables A-15 and ' -

!

level for lead in the dried fish tissue by the direct method or non-

spik?ng technique of:-

1.17 £ 0.06 ppm . ’ %

Following these tests, each of the 6 sample solutions was treated
by a spiking technique involving~taking 4.00 + 0.01 ml of original
solution and spiking it'with 1.00 + 0.001 ml of a 0.500 + 0.004 ppm . -

standard lead soltuion. 20 ul samples from the spiked solutions were

injected to the furnace as before, and thq\recordedﬁdata are shown in

Table A-17. 7~

Because of the non-linear nature of the ﬂﬁgure A-2 plot, the

-

matrix effect on tﬁe lead signal could not be offset by the usual
approach. However, Figure A-2 and Table A-17 data were used to yield,

for each spiked solution, uncorrected lead concentration values. These

are shown in Table A-18.

b v
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~  From these values, and using a specifi¢ calculation method, the

ppm yalue for lead in dried fish tissue was determined. The calculation

1

method, using sample S; data as an exampﬁe, involved:-

0.183 ug/ml = 0.915 ug/5m1 Pb

« (a) spiked soln. concen.

1.00£0.01me x 0.500£0.004 ppm |
,‘ ‘ = 0.5040.01 ug Pb
L4 o ]
(cy concentration'of  * _ 4 915.0/50+0.01 fig=0.41%£0.01 g Pb
Pb from fish tissue : , .

(b) spiked value

i

(d) Pb in driedyf{sh ' (0.41°+0.01 pg) x+-(25.00+0.04 ml)

1]

tissue : (4.0 +0.01 m) x (2.0000 +0.0002 g) :

- [
-~ .
A -~

The value Bf $0.03 ppm represents a progressive maximum possible error.

= 1.30 £ 0.03 ppm

Similar treatment,applied‘to each of the 6 sample data yielded
lead values for dried fish tissue-as 1hdicate§ in Table A-19. The
" overall aveffge and standard deviation for 1éag in drjed tissue as
detenined by_the spiking méthéd was:- | .
o 1.24 + 0.04 ppm
I% will Qe noted that the values for lead in dried tissue from
both the spiking and non-spiking techniques agree quﬁtg well. The'
F(0.95) test applied to the standard Jeviations show no evidence of *

3

other than random differences. The f(0.95) test applied to the'averége

values shaws a minor significance indicating a non-random source. %
cq ’ ‘ . ‘ o
“@ 0 06 2 - ‘\' - N
K NP0 - 225 < F0.95) =505 -
. \ 0.04)2 o z .
. “ ny=6,n,=6 .
. ) / " . P ‘ . » " . ’
. t = 1.24-1.17 /§5§_ -, 2.42 , t(0.95) = 2.23
. S “ 0.05 6+6 - n,=6,n,=6 :
li -’l‘ . '..‘ - )

.

S ~
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" arises out of the greater effect of the matrix on the non-spiked solutions,

‘solution was aﬁpirated on a 3-sec integrated replicate basis. The

It can be assumed that the non-random difference in the average
although this is minimal. For this study, the spiked solutions value
I . )

for lead in fish tissue will be used. De Luca [68] obtained a value for

lead in similar fish, but a different batch, of 0.83+0.08 ppm, and this

agrees reasonably well wjth the value of 1.24+0.04 ppm for this study.
Nickel “

The nickel determinations were carried out by the flame method - [~§
sincé,ﬂdde to the origin of this fish tissue batch from a toxic nickel
situation, high nickel levels were anticipated..

bi]uted stock soTutiogg of nickel were used to prepare six//{

standard concentration solutions to obtain the concetration versusr/) .
ence

absorbance data. .Using a blank for correction purposes, each refe
|

operating parameters are shown in ﬁébendix A (A-5) and Table A-20
indicates the average blank-corrected absorbances.
The Table A-20 data indicates a ‘linear re]ationsﬁip'with linear

“

equation”%ata of: -
L

“ coefficient of correlation, r = 0.0095
intercept on absorbance axis, b = 0.000 ,
s ope, ( m = 0.0406 ‘ ‘ d

yie1ding a lipear equation given by:-

" concentration Ni (ppm) =\~993°5282°e

1

Six 2.0000 +0.0002 g dried fish tissue samples were weighed, to-~
gether with a blank, and subjected to the dry a;hing, etc., procedu}es

outlined in section 3.2. Initial tests on these solutigns of 25 ml

[ .f,q

P2 ' . ' ¢
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volume showed high nickel values. In order to maintain a concentration
in the linear zone, 2 00-*0 001 mI of original so]utiqn was diluted to '
10,00+ 0.02 m1. These diluted solutions were aspirated and the replicate’

3-sec integrated absorbance data recorded. Table &—21 shows the average

absorbance values, the diluted soltuion concentration of nickel from

the linear equation and the original solutiol»concentration of nickel.

Use of the formula:- ' .
Ni in dried '= orig.soln:conc. (ug/m1) x 25.00+0.04 mg (20)
fish tissue (ppm) . 2.0000+0.0002 g

now yielded the values for nickel in dried fish tissue by. the non-
spiking method. Table A-22 shows the data obtaihed, and yielded an

oieﬁall*averabe'and stahdard‘deviation for this approach of:-

. Ni in dried fish tissue = 44 £ 3 ppm

Iﬁ order to compensate for the matrix effect (if any, since the
diiution o?‘the original solution reduces'this effect), a sﬁiking
technique was’apblied. This involveq t;king 4.00+0.01 ml of diluted
solution and adding 1.00£0.01 m of a 3.001:0.02’bpm nickel stan@ard
solution. The§g spiked solutions were aspirated as before, and the .
data obtained‘is'shoﬁn in Table A-23. The formulae shown below were
now used to calcuiate the concentration‘of n%cke] in the di]u%ed

S !
solution and in dried fish tissue. Sampe S, is used as the exgmple.

(a) diluted soln. before spike 0.026 absorbance = X ug/mg Ni

4x 4x+3

g/mz Ni

(b) diluted soln. after spike 0.044 absorbance

o

i
|
‘
.

- e e -~
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X ug/mse (diluted so1n‘.') = 0.67% = 0.01°
. \\ B

(c) ppm Ni in dried _ dil:soln.conc.(ng/me) xalig.factor x orig. so1n vol.

fish tissue . sample wt..

- o . (0.67+0.01 )x5x(2500+o 04am) J
. " 2.0000%0.000 2 g .

- ‘ = 82%1

Table A-24 shows the results of these ca]culations for all 6
samples, and the overall average and standard deviat1on for nickel in

dried fish tissue by the spiking method was:-

'

Ni in dried fish tissue = 44 + 2 ppm

It will be noted that the values for th.e’_ nickel content from
. \ , . ' : '
Y -7/~ both approaches agree exact]_y The ‘standard deviation, tested by the

F(0.95) test show no significant differences. o

~

F:{i} = 2.25 < F(0.95) = 5.05
2

n1=6’n2=6

No comparison can be obtained re]atfve_ to the De Luca [68]
study, since the fish tissue for this study contained very high

nickel levels. As a matter of 1ntgrestpand for future reference, ...

the De'fﬁg;?tudy showed a value for nickel in dried tissue of 1.3
I . N -

+.0.2 ppm. ‘ . :

.

f
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The zinc determinations were made by the flame method because of

the anticipated high zinc level in fish tissue. -
%

Reference solutionfyfor the determination of the concentration
versus abosorbance relationship were preparéd from diluted stock solutions

and these, together with a blank, were asp1rated on a 3—see"Q%tegration
repticate basis. The operating parameters are shown in Appendix A (A-6) -
and Table A-25 shows the obtained data. A linear relationship was

b
indicated for concentration versus absorbance, with linear equation

data of:- '
coefficient of corfgqation, r = 0.9987
\i\,/’ intercept on absorbance axis, b = 10..003
slope, . m = 0.1258 ° =

~ yielding a 1inear equation given by:-

absorbance.- 0.003
0.1258

concentration Zn (ppm) =

" Six 2.0000% 0.0002 g dried fish tissue samples were weighed out,
with a blank, and treated by dry ashing, etc., as indicated in section
3.2. Initial tests on the fipal 25 m1 volumes obtained showed a high

zinc value. In order to obtain a solution concentration in the linear

- “Zzone, 1. OU?FU”UTWﬁfibfLangﬁna%—so%u%+en—wasmdlluted tQ~EQ_QQ¢;Q .02 ml.

These diluted solutions were asp1rated as before, and Table A-26 shows
the average absorbance values, the di]uted‘so1ution zinc concentration

and that for the original solution. Use of the formula:-
?

orig.soln.conc. (pg/m1) x25.00+0.04 mx (20)
2.0000 + 0.0002 g '

; N

+Zn in gried fish tissue =

[ B \ . D
5 e RTTR R TLI R, 8 e v o e e gy e LRI S e ————————b _—
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| (b) diluted soln. after spike = 0.106 absorbahce 5 Hg/mL Zn

now yielded the values for zi@é{in dried fish tissue Ly the non-spiking:
method. Table A-27 shows thf;‘paté, and provided an overall average and
stanaard deviation for ;h{s appranh of:-.

I dri%ﬁ/ish tissue = 125+ 4 ppm ‘ ]

In order to compensate faor any matrix effect (expected to be

minimal due fo the high -degree of dilution of the original solution), a

spiking technique was applied. This involved taking 4.00%0.01 ml of
the 1:20 diluted solution and adding 1.60::0.0] ml of a 2.00%0.002 ppm
zinc standard solution. These spiked solutions were aspirated as before, N
and the data obtained is sﬁown in Table A-28. The formulae shown below o “ﬂ
were now used to calculate the concentration of zinc in the diluted
solution and in the dried fish tissue. Sample S, is used as the example.

(a) diluted soln. before spike = 0.167 absorbance

X ug/ml Zn !
4x+2 -

. .. X = 0.0511£0.008 pg/mi (diluged soln.)

(¢) ppm Zn in dried - dil.solu.conc.(pg/me) X aliq.fact. x orig.solu.vol.
fish tissue ‘ sample wt. : .

!

_ (0.511+0.008) x 20 x (25.00+0.04 m1)
. 2.0000 £ 0.0002 ¢

1]

128 + 2 ppm
Table A-29 shows the regults of these calculations for all 6 samplés,
and the overall average and sténdafd deviation for zinc inldfied fish
tissue by the spiking method was:- |
' Zn in dried fish tissue = 127 £ 2 ppm .
- It will be noted thét.the values,fon/{he zinc content from both

approaches agree reasonably well, The standard deviations as tested

y -~
b .
4 L ]
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.sampling weight, and that thése samples would eventually be contained {

. res

&
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by the F test show no significant dia*erénces, as do the averages tested
J AR . .
by the t test | '

|

o \
F = %,%z = 4-&  F(0.95) = 5.05
* 12 A

2 n1=§/:’n2=6
’,// :
= 1:28-1.25 JBxB = 1.64 ¢ t(-0.95) = 2.23
3.1 646 n;=6,n,=6
) e
The value obtaJned by De/ Luca [68] for zinc in similar fish 1 :
tissue, but a different batchj was 121 +4 ppm, and this'agrees relatively E N\
well with the data from this study.

The acceptable values for the various trace metals in dried fish
tissue as determined by the atﬁmic absorption methodology are shown in ‘
Table, 1. These values w1l} be used for compa;ative purposes with , f .
pglt to the values to be determined by the differential pulse po]aro-_ -

graphic method.

™

3.4 Differential Pulse Polarographic Determinations t
on Fish Tissue

b

3.4.1 Study on expected polarographic concentrations
of trace metals from dried fish tissue

i

t

1

- - , |
It was anticipated that 2 g of dried fish tissue would be the 5

{

in a total of 30 ml of solutjon. Based on the Table 1 analysis of fish .

.

tissue by the atomic absorption methodologies, these arrangements

|
would yield final solution ppm values of:-

Cadmium.  0.003 ;
Copper.; 0.4 {Fj} » { ; )
lead - ;  0.087 S 0 |
( Nickel | 2.8 - - |
Zinc i 8.3 ' ]
T I
. 3 . .
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TABLE 1

3
l
TRACE METAL CONTENTS IN DRIED FISH TISSUE |
-~ N [
BY ATOMIC ABSORPTION TECHNIQUES
) A
Y
Metal ] ppm in dried fish tissue ‘
" Cadmium . 0.048 + 0.006
) Copper | g 6.1 + 0.4
KLead 1.24 +0.04°
Nicke | o 44 : 2
.‘ 2
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From this data it was decided that it would be probable that, °
'during the preparation for dpp analysis, the 30 ml solution would have

to be aliquoted for certain determinations.

Frqm this data the following was tghtative]y concluded. o

’

4 (1)  The low level for the cadmium would likely render it 1mbrobdb]q
hat this element would be successfully determined by dpp.
(2) he relatively low level for the lead content might render

o~

its accurate determinatiop difficult. o
(3) e high zinc level would most likely réquire aliquoting (1:10) e ' .

of the final sblution volume prepared for dpp. h\
(4) The ;ccident of the second tissue batch having a high nickel - |

. [
. content will alYow easy determination of this element. The

normal and expected level of about 1 ppm might have rendered
the determination-o:;nickel.in the same category as that

of lead. * R ' ' -

. o,
! Noe

3.4.2 Preparation of the'supporting electrolytes . -

A study of various SOuregs [63] indicated that, for the deter- *,

mination.by dpp .of copper, lead, cadmium and zinc, the single support;ng
electrolyte 0.2 M (3 pH) ammonium citrate would be the most suitablé' . 4
| relative to the separation of fhe respective metal Ei valﬂfs. The same
. sources indicatéd that, for the determination of nickel, the most
( suitable é]ectrolyte would be’ 2°M KCN. Appendix B (B-])Ainhicates
the preSErétion of these suppg;ting elector]yfes.
. Although the reagents used in these preparations contained
minimal trace metal contents (1ess than 2 ppm), each supporting‘electfol %

1yté was subjected to a dpp run to establish the level of peak value
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‘ Co -
for each trace meta1.. Since it was not anticipated becéhse of ‘signall

to noise ratio increases, that a current sensitivity exceeding 1.5x 10-1¢
A/mm of chart would be required, these blank runs were made at this

sensitivity and at the parameters  indicated in Append'hg 8 (B-2). Table

B-1 shows the‘ peak values at the associated E;: values in terms of chart"
mm. It will be noted that these showed minimal values. It will be
appreciated that, when employing sensitivities:less than 1.5x10°'° A/
mm, blank values will be correspondingly less. For example, ft

2.5x107% A/im, each blank peak value in mm will be reduced by a

o .
|
|

4

factor of 1.67.

| .
3.4.3 Preparation of standard concentration solutions
for spiking and for sensitivity tests

1

The stock solutions used for auxillary standard so]ut'i'clm prepara-

tion were identical to those indicated in Appendix A (A-1). The

spiking and sensitivity test solutions were prepared in consideration of

the expected trace metal levels in the solutions prepared for dpp, and

-

these levels were outlined in section 3.4.1. Appendix B (B-3) indicates

the preparation of these spiking and sensitivity tests standard solution
R . )

L4

concentrations‘.
3.4.4 Sensitivity values for analyte metals * ‘ o N
upder dpp .

Solutions of the two supporting electrolytes were prepared so as _

to contain amounts of the analyte metals generally similar to the

A

anticipated solution amounts as derived from 2 g fish tissue samples,’

rS

~ The preparation and concentrations of these solutions are shown in

A\zaendj x B (B-4).

FALE R A e RGO RT IR A0, ;J‘ﬁfﬁ‘
Fai? wa ¥ o o f T .
AT TR g PR e




- 52 -

The-18 m} 0.2 M ammonium citrate solution was tested in ordér of -
. the decreasing E values (i.e. Cu, Pb, Cd, Zn). The 25 ml.nickel
solution in 2 M KCN was tested‘ for nickel only. -

\ The 6.2 M ammonium citrate solution was tested as-is for copper

and then tested again after a copper spikes The\ E% for the reaction .
Cu** + 2e 2 Cu was determined. The solution was then tested as-is for 'lead
and then after a lead spike. The E& for Pb** + 28 == Pb was determined.
This procedure was continued for cadnpium and zinc, and for nicke1 in

the 2 M 'KCN solution. For each element the sénsitivity was determined

in ppm/nm of char't at 1.5 x 1071° A/mn sensitivity, this limit re-
presenting the mm peak added to the blank value. Table 2 shows the -
sensitivities and the El values, the latter compared to literature

va]uéz/ A1l of th) data associated with this portion of the study is
givenvin Appéﬁd& B (B-5) and in Table B-2. Triplicate runs were

- carried out. ' ‘
Figure? is a replicate of a typical dp po]arogram, this bemg

in the run to determme lead sensitivity.

3.4.5 Determination of Cy, Pb, Cd, Zn and |
Ni_by dpp N

Six ‘samples of dried fish tissue were now prepared by weighing
‘2.‘00004 + 0.0002 g and subjecting them to the dry ashing and take-up
procedures outlined in section 3.2. Somewhat different dilution
solutions were applied and three separate sets of samples'were pi‘epared.

The purpose and dilutions for each set are noted helow. Blank solutions

were also prepared.




TABLE 2

THE SENSITIVITIES FOR Cu, Pb, Cd, Zn

ANIj Ni BY THE DPP METHOD
}

Metal

chart over blank at 1.5x10"'°A/mm

”

Sensiti'vi'ty in mm of

Exp. E%

vs Ag/Agcl’

*
Exp. E%
vs Ag/Agcl

Cu

Pb

Cd

n

Ni

0.007 e
0.009
0.004

" 0.005

0.005

~0.059
~0.367
-0.569
-0.968
-1.338

-0.071
-0.39

- =0.571

-1.00
-1.32

~ 0.

"pp. 638-39

\ )

. 4
L. Meites, "Pola'rographic Techniques
) Interscience, N.Y., 2nd. ed., 1967,

e ad
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(a) Set determination of - 30.00%0.04 m1 final solution with
Cu, Pb, Cd 0.2 M anmonium citrate

(b) Set 2 determination of 20.000.04 m1 final solution with
o In 0.2 M ammonium citrate

(c) Set 3 deterﬁinati@nfoﬁ 20.00 £0.04 m) final solution with

Ni 2 M KCN.
Copper ,.
' Each sample of set 1 was treated by taking 28.00%0.04 ml of the
original 30 m& solution, and the b‘fank, and charging these to polaro--
graphic cells. The blank was {;ested, and the 28 ml solution was tested
as-is.\'and after spiking with a copper solution. The ﬁeak values at the\ . g
EZ for copper were blank-cor‘reci?_ed. The parameters and the data

v

recorded, with calculations, are shewn in Appendix B (B-6-Copper).

The calculation process, using sample 1-as the example, is shown below.

"~ as-is 7.8 div-0.25 div blank=7:55 div=15.1 mm=X ug/ml

) spike (28:00£0.04 mt) x X pg/ml + (1,00 + 0,01 x 10.00 + 0.05) ’
p 29.00 0.04 ml o

"13.55 div

28-x + 10 ug/me for 138 div-0.25 div
29 27.1 mm -

o

-5 X = 0.415£0.004 ug/ml original solution
"12.45+ 0.12 ng/30 ml original solution

T 12.45$0.12 4 _  6.22+0.06 ug
- 7.0000%0.0002 g g

g - .*. ppm Cu in dried fish tissue = 6.22+0.06

- Table 3 shows the individual data for the 6 samples,| together.

!
with the overall average and standard deviation. Figure 6 shows a
typical replicate polarogram for sample 4 qf the Bories.

Lead

L1

After the testing for copper was completed, the residual o1ut1'o:'is
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. TABLE 3 e
v " \ l ‘ a
DETERMINATION OF COPPER N
- FISH TISSUE BY DPP  +
Copper in fish tissue
Sample , + uncertainty (ppm)
N T -
\ 1 6.22 + 0.06
* 2 - 6.05 % 0.06
‘ 3 5.92-+ 0.06
” 4 ’ 5,72 + 0.06
5 5.87 + 0.06 vl
6 6.56 + 0.06
- . 1

-~

3
¢
«
Pd 7
4
v
. [ e
Id -
s
-§1
] )
B
L . -
[}
‘
e A
[
A

. .
. AT K )
Average and stj\aﬁard dev{z(ion‘,@ 6.0 + 0.3 ppm
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R
for each sample were tested as-is for 1ead and were retested after the
add1tion of a lead sp1ke The peak varl es_at the E% for lead were
corrected for the blank. As shown for iopper the lead was calculated
from the as-is and spike data giving a value of lead _)ea from the’
matrix effect. During the calculations due regard was paid to the
vo]t_:me dilution from the previbus copper ‘spi ke. The data and calcu-

Tations arg shown in Appendix B (B-6-lead). Table 4 shows the in-

dividual values and the overall averege and standard deviation. (See Fig. )

Cadmium w K\r
After the testing for lead the det':er-mination of cadmium was 2

carried out byv testing the residues from the lead tests as-is dnd

then spiked with cadmium. Appendix B (B-6-Cadmium) shows the ope}'ating

parameters‘, the accumuTated. peak values at the E% for_cadmium and the

calculatfons for cadmium in fish tissue free from matrix effect. The

calculations take into consideration the dilution effects am‘sin{ out

of the copper’and Tead det”errpinati‘ons. Table 5 shows the individual

values and the overall averagef FigurevB shows a replicate of the

cadmium, cadmium spike and blank scans. C

Zinc - ‘ é

~

The samples frdm set 2 were used in the determination of zinc. ‘
Because of the anticipated high zinc Tevel, 2.00£0.01 ml of the final
20 mt solution was diluted to 20.00%0.04 m1. The blank was diluted’ - —w
a‘&:ordmg]y The diluted solution xas tested as-is and spiked. h
parameters and the data dbtained are shown in Append1x B (B-6- Z1nc)

Table 6 shows the ,‘Individua'l values and the‘overaﬂ average value for

zint in ppm in dried fish tissue. g 4 .

‘ j\l -
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TABLE 4 '
'DETERMINATION OF LEAD IN ., ' e
" FISH TISSUE BY DPP . - ,
Lead in fish tissue -
- Sample ﬁ‘v t uncertainty (ppm).J1
1 ‘ - 1.16 + 0.08
' 2 1.20 + 0.08

3 1.00 + 0.08 -

4 ~ 0.97 + 0.08 .,

5 1.10 + 0.08

6 . 108008 - ¥
Average and standard deviation = 1.10 % 0.09
L 4
R ' A Y
. s TABLE 5 ) .
DETERMINATION OF CADMIUM ¢ / .
IN FISH TISSUE BY DPP
- . Q\ ‘ 1 * - 6
- : \ ) -Cadmium in fish tissu\e{ . s )
* ?amp]g _+ uncertainty (ppm)
~ A T 0.21 + 0.02 S L
2 0.17 ¢ 0.02 : .
3 ( 0.087+ 0.00°. .
: 4. \ 0.29 + 0.03 |
| - 5 % 0.12 + 0.0 B 3
" BT 0.14 + 0.02 . : -
. Q i ' -

’

B




/ TABLE 6 -

P remimm——

DETERMINATION OF. ZINC IN

t

. FISH TISSUE BY DPP N
Zinc in fish tissue
Sample ) t upeertainty (ppm)
p: -
3
: 131 ¢ 1
2 126 + 1
3 134 + 1
4 ‘ 131 1
; ) 2 138t
6 © 128+ 1

Overall average and standard'

/;)

deviation

=‘ ?{31\&3 ppm
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Nickel

/ o . : .
The samples from set 3 were used in the nickel determination, ///‘, y

A .
together with the associated blank. The solutions were tested both

as-is and spiked. The operating parameters and the data collected are

shown in Appendix B (B-6-Nickel). Table 7 shows the individual data

i

together with the averagé and standard deviation for nickel in dried
. e .

-

fish tissue. |

3.5 Comparison of Atomic Absorption and dpp Data

Table 8 shows the atomic absorption and DPP values for'the various
metal analytes in dried fish tissue. |
The individual averages and .standard §ziations were subjected

to F and t tests to determine the quality 03 he différe,nces. Table
9 indicates this situation. It will be noted that, where copper,?i%ﬂ.
zinc and nickel are concerned any differences in the standard deviations
han a random basis. 6n1y for cadmiﬁm is the difference other. than s
random. Where coppef apd nickel are concerned, the averages show only
random differences. For zinc, the difference }n the averages show some
sigéificance but only to a very minor degree. The averad%s for lead
show a more significant difference aﬁd this Q@y be attributed to the
- fact that the level of Tead in the tegted fish tissue solutions
‘,approached the 1imit of detection. C§§;1um was obviousTy a problem,
and the dpp d;termina{}on was considered fo be top close to the
. detection limits for ke]i&b]g results to be secured. As for nickel,
the difference in the,everages, as showa in Table 9, is only ;anﬂom.
Hence it may be sajd that the‘dpp technique may be used in the analysis.

of fish tisgue anﬁ reliable results may be obﬁbined in the -cases of
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TABLE 7 )
\ 9
{ »
\ . B
| DETERMINATION OF NICKEL IN >
FISH TISSUE BY DPP C
e '
L ) R ' E O .

! i ) _ f .
/ . Nickel in fish tissue . ”

Sample - R + uncertainty (ppim)

1+

1 ‘ 46.3

0.2
\ 2 46.D + 0.2
) 3 42.6 + 0.2.
§ .. ‘ R " ssxo02
5 45.4 + 0.2 . N
6 ) 46.0 £ 0.2
4 : (Overaﬂ average and standard d‘eviagon‘ = 45‘1 1 ppm ‘
. tx N . N - .
- - . ) - Y . . L
, B
A .
“ \ ‘E“~
<+ ! -
/ T Lo
| M L i o b nEr 3

RIS o Ul U SRR i QNI A T A SO T 10 ey
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TABLE 8 :
COMPARISON OF ATOMIC ABSORPTION AND DPP VALUES
FOR Cu, Pb, Cd, Zn AND Ni IN DRIED FISH TISSUE
IMeta'l ; Level in dried fjsh‘ tissue (ppm)
11 atomic absorption dpp
Copper q ' 6.1:0.4 ' 6.0 + 0.3
Lead 1.24 + 0.04 1.10 £ 0.09,
Cadmiun 0.048 + 0.006 0.17 + 0.07
Zinc ’ 127 + 2 , "131 ¢ 3
Nickel 44 + ? 45 + 1
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TABLE 9 ' K

| 2
%

COMPARISON OF AVERAGES AND S'I:ANDARD DEV.IATIONS FOR

ATOMIC ABSORPTION AND DPP RESULTS ON TRACE METALS ANALYSES S
3 ‘ . .")
- L ‘ F(0.95) = 5.05 :
Fopn, =6, n,=6 £(0.95) = 2.23
£
Metal F(0.95) test \ t(0.95)test ’
"Copper ‘ 1.78 . 0.46
. Lead 5..06 3.46
- Cadmium 136 - (
Zinc ' 2.25 247
Nickel h 4.00 - 1.90
-
=
‘ .
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i} r

copper, nickel\and zino‘.@\ln the case of lead and cadmium, the levels
| of the respective metals in the fish tissue are such that they approach

- the limits by detection Fy the dpp technique.

[t must also be pointed out that the fish tissue used for nickel

analysis was. obtained from a pérticﬁ]ar batch that had been exposeq,tg
high levels of nickel in the water and/or" food. . [éection 3.1] With
.normal fish, the nickel content may not be as high as the values
obtained during this analysis. De Luca [68] has obtainéd a value-
close to 1 ppm. If this is the casé it is likely that nickel also
might‘vbe poorly detenninéd due to the fact that the value may be too

close to the detection limits.
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CHAPTER 4

-~y

CONCLUSIONS AND SUGGESTIONS FOR

o

FUTURE RESEARCH WORK

4.1 Conclusiols

Tables 3-7 indicate the ppm values obtained for each of the®metals
Cu, Cd, Pb,.Zn and Ni in the fish tissue by;the differential pulse
poloragraphic .technique. Table 8 shows the‘values from both AA and

dpp approaches. The quality of the differences were determined by sub-

] Jecting the individual aVeréges and standard deviations to the F and'f

teets. © \

_For copper and nickel, the differences are none other than random:
In the case of zinc, the d1fference in the averages shows s1gn1f1cance
to a very minor degree For ]ead the difference in the aerages show
a-greater degree of significance and for cadmium, the difference is not

4 ; ©
at all random. On, the basis of this it may be concluded that copper,”.

# nickel and zinc may be successfully determined in fish tissue, by the

\

¢

dpp technique. The differences encountered with lead and cadmium may

be attributed to the fact that the levels of these metals are tod close

' to the limits of detection by the dpp .technique.

It must/be stressed that the nickel values obtained during this

analysis are usually high since that particular batch was exposed to

ﬁegh concentrat1ons of n1cke1 in the water and/or food. With normal

o

fish the value is much lower (theé De Luca study shows a value of

”1.3:3032 ppm), in which case it is likely that nickel may also be

poorly determined. ‘ . ) -}

. . Ve




. v -
4.2 Suggestions for Future Research Work o b
- g M w - %
In the conclusions drawn above, it has been shown that reliable

s results.may not be obtained in the case of lead, cadmium and nickel by

. the dpp technique, owing to the fact that the levels of these metals
_ ‘ . .
in the fish tissue approach the fimits of detection. Methqds such as
anodic stripping voltammetry (ASV) provide significant increases in

signal strength by concentrating the metal of interest into a static

TR A TS G R T T N T R R

. ' mercury drop microelectrode before obifining a reversed polarity

T NFFr

) i, .
gtripping relationship. Based on the above reasoning -it is recommended
. » .

that future research work be carried out'gs%ng ASV in the éeterminatﬁsn~

~

of Pb,. Cd and Ni. T

&
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A-1 Stack Solutions of Analyte Metals -
\ , .
The stock solutions involved the following as to mgtals, concen-
tration and source. The uncertainty parameters have begn assigned on

the basis c:k normal laboratory. preparative techniques.

<+

Metal Source Correlation Cppml
Cadmium Fisher Scientific So-C-118.  1000,0+0.4
/ Copper Fisher Scientific So-C-194 1000.0+0.4
Lead Fisher Scientifc So-L-21 1000.0+0 .4
'N'i‘cke? Fisher Scientific So-N-70 ~  1000.0+0.4 _
) "Zjnc , Fisher Scientific SO-Z-|'|3 1000.0+0.4 C_ 1.
Copper ) :

10.00 + 0.02 ml of copper stock solution was diluted to 100. 00‘ + 0.88 ml
‘to provide an auxﬂhary solution of 100.Q, + 0. 3 ppm Cn 10.00 +
0”02 ml of the 100 ppm solution was then diluted to 100. 00 + 0.08 ml to
tprovide a second auxﬂgiary solution*of 10.00 0.06 ppm.

'I"hb 15 ppm solution was now used to prepare sta’n\i;'i‘rd conEentra’ti on

- : o

s
" ‘“*solutions as foHow_s:-

Volume of j10 ppm Ditution . Concentration )
solution m]) volume (ml) ° (ppm)

. . N EEIITESNSR———

~

1.00 + 0.07 .
'~2.00 + 0.01

%4.00 + 0.01
6.00 + 0.02
8.00 +0.Q2 .

1ooo+ooa"

100.00 +.0.08
106.00 + 0.08
100.00 -+.0.08

100.00 # 0.08 -

100.00 + 0.08
100.00 + 0.08

0.100 + 0.002°

0.200 + 0.002
0.400 + 0.003
0,600 + 0.006

Q%,SOO + 0.006
1.000 + 0.009
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Dilution of the ﬁrmmw cadmium was carried as for copper to |
/ - \ ' . . L
3 yield an auxilliary solution of lom Since the cadmium .
y determinafions required the atomic absorption graphite furnace proce
a further concentration reduction was(gobtainéd by taking 10,00 + 0.02 ml
of the 10 ppm solution and diluting it to 100.00 & 0.08 mi. This
: yielded a solution of 1.000 & 4.009 ppm. '
3? - X The 1 ‘ppm so1 ution was now used to prepar‘e standard concentration solu+
g ) \ . . n
iy tions as foHows.- ' < B
] . v - ' é
; [t » " !
Volume 1 ppm . Dilution ° Concenffation .
solution (ml1) * volume (m1) (ppm)
1.00 £ 0.01 - . 100.00 * 0.08 0.0100 + 0.0002
A , \ i
ik 2.00 £ 0.01 . 100.00 + 0.08 0.0200 + 0.0003
4.00 £ 0.01 ’ 100.00 + 0.08 - 0.0400 + 0.0005 \
J 6.00£0.02 . °  100.00 £ 0.08 © 0.0600 + 0.0008 . |
{ . ".8.00 +0.02 . ,100.00 + 0.08 0.080 =+ 0.001 y
10.00 % 0.02 ~-100.00 + 0.08. 0.100 * 0.001 =.°

_ A spiking solution of 0.200 + 0.002 ppm was prepared by taking 2.00 *
0.001 ml of 10 ppm standard solution and diluting to 100.00 ¢ 0.08 nf. LY

. - ¥ t ! '
~lead | ‘ h - PN S

~ Dilution of the stock so]ution for lead was carried as for copper down ‘
to an.uxilliary so]utwn of 10.00. # 0 06 ppm. L

The 10° ppm solution was now used to prepare the standard concentr_atién v
.

solutions as follows:-

)




. A

" 0.50

8.0

Volume 10 ppm
solution (ml1)

0.01
0.01
0.01
0.01
0.01
0:

N

+ I+

1.00
2.00
3.00
4.00
5.00

[ S I 4

I+

Dilution of the stock solution for nickel was carried out as for copper

down: to an auxilliary solution of 10.00 = 0.06 ppm.

Dilution

volume (m1)

100.00 +'0.08
100.00  0.08
100.00  0.08
100.00 + 0.08
100.00 + 0,08
100.00 .+

H

i+

0.08

Concentration

(ppm)

0.050 + 0.001
0.100 £ 0002

0.200 + 0.002

0.300 + 0.003
0.400 + 0.004
0.500 £ 0.004

i

~

The 10 ppm solution was now used to prepare the standard concéntration

sotutions as follows:-

<

Volumes 10 ppm

solution (m1)

. 1.00 £ 0.01

0.01 "~
0.0
12.00° + 0.04
16.00 + 0.04
20,00 + 0.04

4.00

+ W

I+

0.04 m1 of 10 ppm solution to 100.
« \ -

L .
.'\) 3' .

o7

’

A spiking solution of 3.00  0.02

" 100.00

[

Dilution
volume (m1)
100.00 + 0.08
100.00 + 0.08
100.00 + 0.08
0.08
0.08
0.08

H+ 1+

100.00
100.00

24

{

00 £ 0.08 ml.

Concentréti on
(ppm)

. 0.700 + 0.002
- 0.400 £ 0.003

0.800
1.20
1.60 .
2.00

0.006
0.01
0.01
0.02

+ v+

H

ppm‘waﬂs" prepared by dilution 30.00

Dilution %f'the stock solution for zinc was carried out as-for copper

4

down to an auxilliary solution 'of 10.00/+ 0.06 ppm. 4 e

The 10 ppm soluBiion was now used to prepare the standard concentration -~ -~

_solutions as follows:-

\




Volume 10 ppm
solution (mi)

1.00 £ 0.01
2.00 £ 0.01
4.00 £ 0.01
6.00 £+ 0.02
10.00 + 0.02

Dilution

volume (ml)

100.00 '+ 0.08
100.00 + 0.08 °

100.00 + 0.08

'100.00 + 0.08

100.00 £ 0.08

Concentration

(ppm)

0.100 + 0.002 |
0.200 # 0.002
0.400 + 0.003
0.600 + 0.006
1.000 * 0.009

12.00 + 0.04

100.00 + 0.08 1.20 £ 0.01

’ \ Ay
A spiking solution of 2.00 + 0.02 ppm was prepared by diluting 20.00
0.04 m of .10 ppm solution to 100.00 = 0,08 m1.

i

b

. o (
A-2 Determination of Cadmium by AA

N

-~

The graphi'i:e furnace mode was applied for the determination of
. o -y ‘
cadmium, The relevant operating parameters were:- .

Racs ©

Cd hollow cathode lamp 528.8 nm

£

.

S14t ' M.3m

) Injéction volume . 20 m

‘ No gas mode \ , normal

‘Prying temperature and time ’ o 120°C 20 sec
‘Eharring terperature and time T 250°C 30 sec
Atomizing temperature and time 2100°C ° 10 sec ‘\
Readout b Peak absorbance

P

Correcti on D, - bean

-

The standard solutions were injected into the graphite furnac.e and

theypeak "absorbance_ values were obtained. Rep]icate ¥njections \gére

< . _. ' .
made and average peak absorbance values were. calculated.. The data

\

/in Table A-1 and the resultant plot is shown in
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TABLE A-1

Solution , Absorbancé

| concentration ppm peaks (blank corrected)

- 5.0100 ¢ 0.0002 0.154, 0.135,
0.0200 ¢ 0.0003  0.200, 0.189,
0.0400  0.0005 0.310, 0.302,
0.0600 + 0.0008 0.366, 0.335,
0.080 * Q.001 0.408, 0.401,
0.100 & 0.00: 0.449, 0.449,

0.134, 0.135
0.190, 0.210, 0.204
0.303

0.349, 0.336
0.408, 0.414
0.453, 0. -

K "Ave. peak
absorbance

0.13%
0.199

0.305

0.345
0.408

'0.448

The testing of the fish tissue samples.involved 20 ug 1n:}ections )

from the 25.00 £ 0.04 nﬂl solution representing 2.0000 *

fish tissue dry ashed and broken up‘ as indicated in Section 3. 2

* 0.0002 g of

These

tests were carried on 6 samp]es of tissue and w1th rephcate peak absor-

bance values. The average peak absorbances were- calcu1ated

TABLE A-2

. Absorbanee
peaks Lb]ank corrected,)

3

Ave. pea,k' abso'rbénce

0.055, 0.062, 0.055, 0.056 0.057, ¢
0.054, -0.050, 0.050, 0.05] 0.051
0.0.063, 0.055, 0.055, 0.048  0.055
0.046, 0.060, 0.047, 0.043  0.049
0.052, 0, 654, 0.052, 0.054 0.053

0.063,” 0.066:~8-062, 0 , 0{061 " 0.063

0.003
0.002
0.006
0.008 -
0.001
-10.002

»

The averagmxl«absorb(e va'lues and the plot of F1gure A-1

yield solution concentration data, ‘ignormg any matrix effects as

follows:-




A-7

)

-

TABLE A-3

) Sample Ave. peak absorbance Solution concentration
values . from the graph (ppm) -

1 0.057 + 0.003 10.0040 + 8.0005 4 ‘
2 0.051 + 0.002 . 0.0035 + 0.0005
' C3 0.055. + 0.006° ' 0.0040 £ 0.0005. |
4% 0.049 + 0.008 0:0030 + 0.0005
. 5 0.053 + 0.001 . 00040 -+ 0.0005 S
6 0.063 £ 0.002 . . - "0.0045 £0.0005 . . -

- ‘ v 4
-~

, .~ These solution concentration values can now be subjected to °
g the calculation:- . ‘ —’ \

solution conc. Tig/ml) x solution vo]ume Lm])
sample weight (g)

_ 0.0040 + 0.0005 x 25.80 ¢ 0.04
= (sample 1) 7-0000 £ 0.0002

1

ppm Cd-in fish t1ssue =

b3

/ 0.050 + 0.006 ppm “
- Similar calculations for -each sgmp]e yield (n'divi,dua] values «

~ and an overall average and sééndgrd deviation of:-

aQ

e

'TABLE A-4

o . Samplé ppm Cd in dried fish_tissue
' . 1 & +.70.050 £ 0.006
. T2 L " 0,043 + 0.006 . ?
D, : )
N, 3 / ' . 0.050 £ 0.006 7
L 0.038 + 0.006;

p -5 T A 0.050 + 0.006 , . - -
) . e . ’d
Co 6 Y006k 006 R

Overall average and standard deviation = Q. 048 + 0. 006 ppm.

s




Each of ‘the- 6 samples taken were now 1: teﬂ ‘to a sp'lkmg \
techn’lque 1nvolv1ng 4.00 + 0.01 ml of original ?olution spiked with . - f
.. 1.00 £ 0.07 m of 0.200+ 0.002 ppm cd standard solytion. 20 u1 ' ‘

volumes- were 1njected for each sp1 ked- sample and the peak ab;orbanqes ’

*

. were read and averaged for multiple 1nject1ons The foHowjng data

i~ . L . Y

\ was obtained:- . . .

rt

. TABLE.A-5
A T

Sample ‘ . Absorbance peaks

Ave. peak “absorbance
(blank corrected) .

5. | 0.346, 0.340, 0.334,0.330 0.338 + 0.007 . -

S,. - 0:323, 0.331, 0.326, 0.3 _  0.328 £ 0.005 "
S3 10.304, 0.319, 0.306, 0.309 . 0.310 + 0.007 ' "
L : Sq . . 0.314, 0.328, 0.322, 0.320 0.321 £ 0.006 - . '
| © s . o0.30, 033, 0.3%, 0.3 0.330:0008 . ¥
" : S . 0.308, 0.312, 0.3]9, 019 0.314.:70.005
v The concentrat'ion )versus absorbance plot shown on Flgure A-1

d1sp1ays a non-linear re'rat'aonsh\p so that matr'ix 1nfLuences, if

they exist, cannot be_ co’rected for, Using Figure A-] and Table A 5

vaﬂues, the individual spiked solutions showed the fo]lowmg ‘

-

concentrations:-. , / . : ) i .
- : . S : .o

TABLE A-6 _
Sample . ‘ Solu. concen. (ppm) '
- S . 0.050° <
I L
S , o 0.047° .
S5 | 0.0m5
- K4
S4 o 0.044° ?f
. ot S5 . %, ’ L 0:.0475" — )
) S . 0.0435
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- “These" solu Uﬁ“ébn‘ceﬁff'a?ﬁﬁ??ﬁ? fﬁhéws'ﬁﬁc;ﬁmeda?spi ked "
solution now yie]d, uSIng sample Sy as an examp]e - . ,
Spiked soin. conc. =" Q. 0505 ug/ml = 9.2525 ng/5ml ; ' £
Spike value - © = 1.00 £ 0.01 ml of 0.200 + 0.002 ppm- |
’ o = 0 ) ’ 'R
. = 0.200 + 0.004'ug ) S
Contributien of Cd ' _ 5 _ o ago5 Lt and
from fish tissue 0.252° - 0.200 * 9.004 MO.OSZ t+ 0.004 ug
7 d in dried _ (0.0525 + 0.004 ug) x (25.00"+ 0.04 ml)
~ fish tissue ‘ . (4.00 £ 0.01 mT) x (2.0000 + 0.0002 g)
. L= 0.16 oo1ppm '
i App]ying the same approach to the 1nd3v1dua1 sanples, the
follpwing data is obtained:- '
TABLE A-7
., Sample " ppm Cd in dried f1sh tissue
’ St .16 £ 0.01 .. .
2. -, . : 0.12 £ 0.01 . 4
S3 , 0.02 £ 0.01 _— .
S4. . .- 0.07 & 0.0i : o r
Ss . .. ~ 0.12 £ 0.0 x| .
s . . - 0.95 + 0.01- : ¢ N
‘ , > . : ‘ . .
Overall average and sfandard deviation' = 0.09 + 0.05 ppm. -
4 \ C" % . . .
A-3 Determination of quper by A. A T

The flame technique was applied in the determ1nat1on of cspper

The relevant parameters were -




b eyt .
. 4 ‘ ‘ ’ ’
- . C A-10
’ ¢ &
Cu hollow athodev Tamp ) . 324.8am
stit - v : : 0.7 mm
Fuel L c ' . acetylene
Oxidant / o air
Flame 8 . lean ,
" Read out: B 3-sec integration

The standard so]ut.jor&s were aspirated and the absorba@/ \

values were obtained. Replicate readi.ncjs were obtained and

averaged. Table A-8 shows the datfa dbtained. The absorbance data / N
showed a Hnear-reh“t’gl&ip and the h‘ne\ar equation was calculated.
; TABLE,A-8 D -
. Solution ,' . . Absorbance ! -
X Concentration (ppm) , blank’corrected /\J t
o X . /
2 40100 £ 0,002 0.007 * 0.000 - -
i 0.200 + 0.002 ~ o 0.014 + 0,001
0.400 = 0}.003 ‘ 0.025 + 0.000 _
. 0.600 * 0.006 R 0.039 + 0.000 - “
) 0.800 * 0.006 - ., . 0.051 £ 0.001 v - ’
~1.000 + 0.009 - 0.067 * 0.001,
‘Coefficient of correlation = 0.9989
Interceépt on absorbance axis = 0.00] !
N I bsarb b i ; 0'26281 K
' "Concentrtétio? (ppm) E,a so.rmance — = .0-05£.J,5~ ' " IR

The testing of fish tissue samples involved the aspiration
\ of the 25.00 + 0.04 ml solutions representing 2.0000 * 0.0002 g

of fish tissue dry ashed and Otaken-up as indicated in Section 3.2.
) g

'
<
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" These tests were carried out on 6 samp]es of t1ssue and with

replicate 3-sec integration absorbance readings. The average’

absorbance values and standard deviations are shown in Table A-9,

together with the determ1nat1on of the copper concentration for

the solution as calculated from the 11near equation

“ ] . ’ m
Sample Ave. blank-corrected Solution conc.
- “ absorbance + s Cu (ppm) -
1~ . 0.031+0.001 .- . - -0.49% £ 0.016
2 . +0.029  0.001 0.462' 0.015
"3, .0.034 £ 0.000 -, " - 0.54% £ 0.01§
4 10.026 £ 0.000 - ‘ 0.412 + 0.014
5 0.030  0.000° . 0.478 + 0.016
6 . 0.029 + 0.001 . 0.462 : 0.015
Using .the formula:-
v/ (l

_ Soln. conc. (ug/ml) x-25.00 * 0.04"ml
ZQ0 £ 0002 g

The value of copper in dr1ed flSh tissue for each samp]e 1s

ppm Cu in dried
fish tissue

shown in Tab]e A-10.

¢+ . 'TABLE_A-10

)

" Sample . ppm Cu‘injdried‘fish tissue
1 6.2+0.2
L2 X 5.8 + 0.2
L 6.8:0.2 .
4 5.2+ 0.2 , ;
5 . 0+0.2 \‘

0.2 ~

i+

6 5@3
Overall average‘aad s;andafd deviation = 6.0 + 0.5 ppm Cu.

i .

~4
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~ \quh° determinations do not a]'lowacompensation ‘for the _
~ . . '
effect 9f the“solution matrix on the copper signal, if such
exists, and a spiking fech_nique was therefbre carri ‘d o offset
this effect. This involved taking 4.00 # 0.01 ml of the original
. solution and spiking it with 1.00 + 0.01 ml of a 2.Q0 + 0.02 ppm
standard Cu solution. . These spiked solutjons were now aspirated
and ‘rép]igate 3-sec- integrated absorbance ré"igna]s recorded. ‘

s Table A—l]'shqws the daita obtained:-

TABL'@-H | A

_Sample. f Ave. blank-correcte
o . : absorbance 't ‘
SR : 0.049 + 0.001
Sp : : 0.048 + 0.000
. 53 S ©0.056 + 0.001
SR . 0.046 + 0.000 -
g S5 AU 0.048 = 0.000
: S : 0.047 + 0.00]

3

‘ Using the calculation for samples S] as an example, the
» fva,])ue of the origi'na‘]'so‘lution concentration 3f copper is now
calculated from: '
before spike  0.031 absorbance = X ug/ml
after spike 0.049 absorbance =Qﬂ_“§_'§ ug/mil
. . - X ug/ml (original soin.) = 0.512 + 0.017

Applying the formula:-

ppm Cu in dried _ Soln. conc (ug/ml) x 25.00 £ 0.04 ml
fish tissue 2.0000 + 0.0002 g

“
b




' < . ,
yields the value of Cu in dried fish tissoe by the spiking methods, °

-

shows the final data obtained:- ¢ ' e
' TABLE #A-12

and this value should be free from any matrix ékfgpt. Table A-12

Sample & Original solu. conc. Cu in dried fish
R o _Cu _(ug/ml) : tissue (ppm)
0.512-+ 0.017 6.4 + 0.2
0.467 + 0.01° 5.8 + 0.2
10.472 1 0.01° 5.9+ 0.2
0.412 £ 0.013 © 5.2+ 0.2
. " 0.500 + 0.016 6.2 £ 0.2
) 0.487 + 0.016 . 6.1£0.2

Overall average and standard-deviation = 6.1 ; 0.4 ppm.

~

A-4  The Determination of Lead by pA

The determination of lead was carried out by the graphite

furnace technique. The relevant operating parameters were:-

Pb hollow cathode Tamp o 283.3 nm
STt I 0.7 m
Injection volume. Lm, 20 ul
N, gas mode N hormal
Dry%ng temperature and time ©120°C . 20 sec
Charring temperature and time 600°C 30 sec
Atomizing tedlperature and time 2200°C 10 sec
" Readout peak absorbance
- Do beam

{

Correction

The standard solutions were injected and peak absorbance
values were obtained. Replicate injections were made and the

averages and standard deviations calculated. The data obtained

¥
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is shown janable A-13 and’ the resultant plpt of absorbance versus

concentration is-shown in Fi gure A-2. ".;, "
Solution Absorbance ) 7. Ave. peak / -

concentration (ppm) peaks (blank-corrected) absorbance
0.050 + 0.001 . 0.073, 0.067, 0.068, 0.067  0.069 + 0.003
0.100 + 0.002 ) Q'.132. 0.136, 0.137, 0.140  0.136 + 0.003

_0.200 + 0.002 . - 0.219,.0.223, 0\.2\11 » 0.221 0.218 + 0.005
0.30Q * 0.003 " 0.284, 0.283, 0.289, 0.279 ~0:284 £ 0.004
0.400 + 0.004 - 0.373, 0.345, 0.393, 0.354 0.366 £ 0.021
%0.5b0 + 0.004 0.466, 0.459, 0.457,:0.473  0.46% = 0.007

'The testing of fish tissue samples involved 2.0000\3 0.0002 g
, tissue dry ashed and taken-up as in Section 3.2. 20 ul vo1umes

were injected to the furnace from the final 25. 00 + 0. 04 m volume. -
A
These tests were. car‘ried out on 6 samp]es of t1ssue and w1th ] \

replicate absorbance peak readings. The average'peak absorbances -

_were calculated. -

TABLE A-14 } C
Sample Absorbance peaks ' . , A~ve. peak absorbance
o (blank corrected) ' - . :
{ . N ‘ .
1. 0.129, 0.117, 0.120, 0.123 ©0.122 £ 0.005
2 .. 0.130,-0.125, 0.131, 0.128 " 0.128 £ 0.003
3 : 0.110, 0.111, 0.116, 0.120 . 0.114 £ 0.DQ5 - |
4 0.114, 0.119, 0.125, 0.134 ©0.723 '+ 0.009
5 0.120, 0.130, 0.130, 0.124 < 0.126 +0.005
6

. 0.120, 0.119, 0.118, 0.119 0.119 + 0.001
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The average peak absorbance values and the plot of ’ -

F?gure A-2, y:faﬁ solution concentration data, ignoring any

matrix effect, of:- .

TABLE A-1§ /-

Sample ;- Ave. peék absorbance ~ solution c¢oncentration
Lo values s from the graph (ppm)
1 0.122 + 0.005 0.092° + 0.003
2 0.128 + 0.003 0.100% + 0.003
3 0.114 + 0.005 ' 0.0875 + 0.003
4 0.123 % 0.009 . 0.0925 & 0.003
5 0.126 + 0.005 0.0975% + 0.003
6 0.119 + 0.001 0.0925 + 0.003

These solution concentration values can now by subjected

kg
-

"to the calculation: _e ~

Soln. conc. (ug/ml) x soln. vol. (ml)
Sample weight (g)

(0.0922 + '0.003) x (2

1]

ppm Pb in dried @tissue

00 +
0002

(Sample 1) \ 2.0000 ¢ g:

1.16 + 0.03 ppm.
, Similar calculations for all samples yield the individual.

and overafl data of:-

"TABLE A-16

- QE!‘*E%%-—"' ppm_Pb in dried fish tissue
. h ) .16 0.04 '

1 *
2, - 1.25 + 0.04
3 1.09 + 0.03
4 1.16 +.0.04
5 1.22 + 0.04
6 1.16 +

0.04
Ové}‘q]l average and standard deviation = 1.17' + 0.06 ppm.

¢
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Each’of the six samples was now spiked using 4.00 ¢ 0.91 il

of .original solution and J.OO + 0.01 ml of 0.500'+ 0.004 ppm -

standard lead solution. 20 pl volumes.were injected, rgplicate -

peak absorbance value obtained and associated average values were

calculated.

TABLE A-17

Sample Absarbance peaks Ave. peak absorbance
(blank corrected) :

B} 0.180, 0.200, 0.201, 0.189 0.195 + 0.006
§2. - 0.209, 0.200, 03196, 0.195 0.200 + 0.006

$3 0.194, 0.198, 0.199, 0.201 0.198 + 0.003

S4 0.220, 0.210, 0.209, 0.225 0.216 + 0.008

S5 0.196, 0.207, 0.203, 0.194: 0.200 : 0.006

S6 0.210, 0.201, 0.202, 0.206 0.206 * 0.004

The concentration’ versus absorbance b]ot shown in Figure
. . ,
A-g‘does not indicate a quite linear relationship, so that

solution matrix effects can not be corrected for by a simple
-

calculation. Using Figure A-2 and Table A-17 values, the
ind{vidual spiked solutions showed Pb concentratiqns of:-

TABLE A-18 ?

-

Soln. conc. Pb (ppm)

0.183
0.177
0.181
-0.179 °
0.176

" - 0.181

,-
.

2

<




-

) . A7

These solution concentrations for theIS m! spiked solution

volume now yield, using samp}le $1 as an examble:-

Spiked soin. concen. = 0.183 ug/ml = 0.915 ug/5 ml - 7
‘s Spike value =1.00 ¢ 0.07 ml + 0.500 t 0.004 ppm Pb
' ) = 0.50 + 0.01 ug
Contribution of Pb - - 5 .
from fish tissue = 0.915 - 0.50 * 0.01 = 0.41° £ 0.01 ug S
,. Pb 1in dried fish 0415 o
. tissue , (x . 0.000 g
= 1.30 ¢ 0.03 ppm. - ' > )
Ap;ﬂyiﬁg the same calculation mode. tbtthe Table A-18 data:-
o TABLE A-19 ' ~
" sample " ppm Pb in dried fish tissue
! S . 1.30 £ 0.03
S2 \ . . 1.20 + 0.03
S3 - 1.26 + 0.03
: Sq o . 1.23£0.03
S5 ~ 1.19 + 0.03 ‘
* | Sg. ' : 1.26'+ 0.03 ,
Overall average and standard deviation =.1.24 + 0.04 ppm. .
A-5 The Determination of Nickel by A.A.
? The determination of nickel was carried out by the flame -
“method The re]evant operaf'i ng paraqw_eters were:- ' ) .
. o N1 Hollow é‘athode lamp 232.0 nm o o
‘S1it . 0.2 mm’ T , T
) Fuel ' acetylene '
Oxidant o - air
Flame | K lean

Readout - 't T 3-se¢ integration .

.
. . L e - i o e e = m
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v The standard solutions wefe aspi rated .and the absorbance
o values obtai ned.’ Rep]icate readings were obta1 ned and averaged
Table A-ZO .shows the data obtamed The absorbance data showed -

a Tingar relationship and the Tinear gquation was ca]/cu]ated,,' _

~ JABLE A-20 -
. Solution o o Abserbance
concentration (ppm) ' {blank corredted)
f . . $
0.100 * 0.002 * 0.008 + 0.001 )
0.400 +0.003 . : 0.006 + 0.000 = - "
, 0.800 £ 0.006 - - 0.032 * 0.00] '
1.20 + 0.01 Lo 0.050 = 0.001
1.0 = 0.01 . 0.066 + 0.000
2.00 +0.02 ’ 0.080 + 0.001
Coefficient of correlation = 0.995
- Intercept on absorbance axis £0.000 -
'Slope o m= 0.0406 - » i
. .. _ absorbance - b _ A- 0.000
Concenj:ratwn (ppm) = - 0.Q406

' Fish samples we're tested by prepariag a final volume of

| 25.00 + 0.04 ml of solution representing 2 0000 * 0.0002 g of
tissue dry ashed and taken-up as outlined in Sectwn% 2. Imt1a1
tests showed a high nickel va]ue and, to maintain a test concentra-
tion within the linear range, .00 + 0.01 ml of orig?‘nal solution
}uéS diluted to 10.00 + 0.02 m1. Six samples were so.prepared and
aspirated. The average absorbance values were obtained fzgv
rep'licate 3- séﬁc\mtegrated values. Table A-21 shows the recorded
data, together with the value of nickel in each diluted sol utwn and

in the original solution.

. C
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:  TIABLE A-21

Sample " Ave, blank-correc’ted Diluted soln. - O'riginal soln.

absorbance t.5 © “conc. Ni (ppm) conc. Ni (ppm) 2
1 0.026 + 0.001 0.64+0.02 3.20+ 0.1 -
r 3 '0.030 + 0.000 . 0.74 + 0.02 3.0+ 00 |
3 0.028 + 0.002 0.69 + 0.02 3.45 £ 0.1
4 0.027 + 0.001 ~ 0.66:0.02  3.30:o0. | S

.5 0.028 £ 0.000  0.69 £0.02 3.5 04 )
6 03031 + 0.000 0.76'+ 0.02 3.80 + 0.1
Using"the formula:- . | ' ? B IR

ppm Ni in dried _ orig. soln. conc. (ug/ml) x 25.00 + 0.04 m1 =~ =
- fish tissue , 2.0000 +£0.0002g ™™ o

o

»

The value of nickel 1n'dr1ed tissue for each sample was calculated -

+ ast~ . . : e o I
TABLE A-22 -

Sample ppm Ni in dried fish tissue -

40 =

‘ 46

43

A . 4]
43

48

H +

H

1
..lI

] .
1
]v

1

o G B W N

]

H

bverall average and standérd deviation = 44 + 3.
: N

- The foregoing determination does not allow for the correctio

of any matrix effect if this exists, and a spiking technique was

+

therefore provided to minimize this effect. 4.00 + 0.01 ml of
the 1:5 aliquoted-solution was spiked with 1.00 £.0.01 ml of

3.00 + 0.02 ppm of standiFd nickel solution. These solutions were .,
? N . :

.\/ . . v 8
I | T




) l
recorded ‘ .

. TABLE A-23

4 X

Ave. b]ank corrected
absorbance * 5

aspirated and repHcate 3-sec dntegrated absorbancé signa]s

5 ‘ 0.044
: So .0.048

: ' S3 - ‘ 0.045
S4 *0.046

T 0.047

] S¢- 0.050

PN

[ . N

‘ ‘ ‘ dﬂuted soln. before spike 0,026 absorbance

dﬂuted soln. after spike 0.044 absorbang;e

~

X ug/mi (dﬂuted solur) =

App]ying the for‘mula° ' _” .

1
f
i

' ppm Ni'in dried|_

+ 0.001

-

TS

+

1+

0.000 °
0.000
0.000
0.001

B

0.002

. .. With sample Sy as the examp]e, thﬁof the, Ni

concentration in the spiked sol tien is calculated from'

X ug/mt
4X .+ 3

<o

0.672 +40.016

°

‘
e

o

= ug/m’

sol. vol.
L4

di1. sotn. conc,’ (pg/mi) X aliq. fact. x orig?

Tablé A-24 shows the f'inal data. e

. fish tissue. ) sample weight
A _ (0.672 + 0.016) x 5 x (25,00 + 0.04 ‘mY)
N * 2 0000 + 0.0002 g
~* . ' . ,
R 3 7
- . . ) oA \nif:' O GTTIVE % i
.- This yields the value of Ni in dried fish t:issuez from the spikmg
. . s

techmque, and this valqe should be free frog; any matrix effect

[
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| TABLE A-24 . e s
 sample Dilited solu. “Ni in dried fish
i -concen. Ni_(ppm} . -tissue {ppm)
5 06120016 - a2
S2 © 20750 £ 0.019. - 1
S3 0.743 + 0.0187 ° 46 + 1
S4 7 0.663 + 0.016 4] + 1
ss  oeBd:o007 . [ as1 %
S6 0,738 + 0.018 ’ 46, + 1

Overall average and standard deviatioh ='44 * 2 ppm.

" Note that, for the absorbanée readings Sn'the spiked
Eolution,wa'dﬁfferen of only +0. 001 un1ts resu]ts in a

: ﬂ1fference of +f/ pm Ni in the dried f1sh tissue.

A-6.‘ Determination of Zinc by A.A.

-

The flame technique was used in the determination of zinc.

' The relevant parameters were:-
: ]

. In HolTow cathiode Tanp | T 239 ¢
SHt : o “« . 07m
Fuel - ' _ ‘ .- acetylene
* Oxidant . = ) air
© Flame « , 2 Tean
Readout . ; o | 3-sec 'integration

The ziné standard solutibns were aspirated and rep]icéte'
3-sec 1ntegrated absorbance values were obtained and. averaged.

Tab]e A- 25 shows the data, and a 11near equat1on was ca]cu]ated
(w]

-

iy x
. - P
.

=

I+




'avérages._ Tablg A-26 shows the recor -data, /fogether with the’

‘ - - . . ’, .
‘ . . . . o N
o el o . e e
.

\
4 A-22
- I ‘
SRABLE A-25
. Solution ° gt ‘ .Absorbance
Concentration>(ppm1 blank corrected
0:100 + 0.002 ' 0.013 * 0.002
0.200 + 0.002 0.028 * 0.000
0.400 -+ 0.003 . - 0.059 + 0.001
0.600 £ 0.006 T e~ on?g + 0.001
" 1.000 + 0.009 . * 0.128 + 0.000
1.20 # 0.01 o *0.154 + 0.000
’ Coefficient of corre]afion r = 0.9987 :
Intercept on absorbance axis : b = 0.003 ° ' / "
= 041258 . S

Slope . .oom
' aBSorbance - b AA-'d.OOS
m . 0.1258

Concentration (ppm) =

A

Fish Samp]es were teéted by preparing a finaT volume of

a
tissue dry ashed and tdken-up as indicated in Section 3. 2 Initial

S 25 00" = 0 04 m of 5013&1on represent1ng 2.0000 + 0.0002 g of

tests showed a h1gh zinc va ue and, to maintain a test concentra-

tion in the linear range, 1.8Q * 0.01 ml of origina1 solution was’

diluted to 20.00 + 0.02 ml. Six s

0
$i
N
f
,‘
3
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TABLE A-26 < j
, Sample . "Ave. blank-corrected Diluted soln. conc. Original soln.
__absorbance + 5 In (ppm) conc. Zn (ppm)
- ' N
1 0.067 + 0.001 "' 0.508 + 0.008 10.16 £ 0.16
2 0.069 + 0.000 0.524 + 0.008 10.48 = 0.17
3 -0.067 * 0.002 0.508 + 0.008 10.16 & 0.16
4 0.066 + 0.000 0.501 = 0.008 ©10.02 £ 0,16
5 ' 0.064 +0.001 0,484 = 0.008 9.68 » 0.16
6 0.064 * +0.008 . 9.68 £0.16

0.000 0.484

*’

Using the formula:-

~

ppm Zn in dried _ Soln. copc. (ug/ml) x 25.00 #* 0.04 ml

fish tissue ©2.0000 + 0.0002 g
The ppm Zn in-dried fish tissué for each sample was calvcu1a‘t'ed. P
s ' TABLE A-27 . ' | g
Sampie o . ppm Zn in dried fish tissue.
0 1 - ERLEY: .
2 o - 131+ 2
ﬁk: o T 127 2
3 i 125 + 2 v
5 Co 121 2 . )
~ 6 ’ 121 22 t ’

. f -

. .Overall- average and standard deviation = 125-+ 4 ppm.

. The.foregoing does noi:“aﬂow compen‘s.atic.m for any matrix -
effect, a]thbugh thl'ts should ne negligible relative to the high

-deéree of so]htion dilution for the brigi‘r'\él éo'lution. _Neyer;thﬂess, ) ' ‘.
a spiking method was applied involving 4.00 & 0.01 mi of the 1:20

<+

diluted salution and 1.00 * 0.0'll;»m1 of a 2.00 + b.bz'ppml standard

N

(3
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{

In solution. These spiﬁ%d solutions were aspirated gad the usual °

replicate data recorded.

4

p » TABLE A-28
e
//// Sample - Ave. blank-corrected

- _absorbance t §.

Sy / 0.10§ % 0.001
. So . o ©0.109 + 0.002 .

S3 " 0.107 + 0.001
S4 0.105 + 0.000 -

\ S5 0.102 + 0.000

Sg - 0.100 = 0.000

With sample Sy as the example, the vg}Ze of Zn din the spiked

soiuﬁion was calculated.’

Dilute soln. before spike  0.067 absorbance =

ANGENW ‘ﬂ

Dilute soln. after spikihg 0.106 absorbance =

.t v

X ug/ml

ﬂz-g;z-ug/ml

i&. X = 0.511 + 0.008 ug/ml {diluted solu.)

Applying the formula:-

ppm Zn in dried

‘fish tissue

yields the value

o dil. soln conc.. (yg/ml) x al

¥

ig. fact. x oriqg. soln vol.

" sample weight I :
_ (0.511 =+ 0.008) x 20 x (25.00 % 0.04) )
- 2.0000 = o.ﬁoz ~ : .
=128+ 2 | N

‘for ppm Zn in dried fish from the sp1king techn1que
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TABLE A-29

-

0 . -~ . .
Note that, for the absorbance réadings_on the_spiked solutions, .

a diffe‘rénce‘of only £0.001 units results in a differené:e. of +3

~
e

. ppm Zn in dried fish"tiss‘ue.

Sample ~Diluted soln.- Zn in dried fish
. . tonc. Zn (ppm) - . __tissue (ppm)
| . , ’
5 . 0.511 £ 0.008. L 128 an2
Sy - .. 0513:0008 - Y 1282
S3 . 0.502 + 0.088 . © 1252
a Sq 0.506 + 0.008 , 126 + 2
.+ Sg 0.503 + 0.008 . 126 t2
o Sg 0.524 + 0.008 - : 131 £ 2
Overall average and standard deviation = 127 * 2

%,

Y
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B-1 .Preparation of Supporting Eléctrolyte ¢
0.2M (3 pH) Ammonium Citrate

‘ - 42.00 + 0.01 g of Baker Ana]yzgg Rgagent gitric acid was
"dissolved in 800 ml of g]ass-distille;\water. A pH meter, combi-

nation g]éss(SCE electrode ahd a 3.00 £ 0.02 pH buffer solution were -

gused for ca1ib}ation purposes. After calibration, the glass/SCE

.- combination electrgde was immersed inithe citric acid solution.

gt

. - T T T B o
'
Lt s AN )
. M"\ X o R ki o s " v
T ko gt o TR RS Rt <2 Sl L ATy 2

Ny

éy' Aqueous ammonia was now added until a pH of 3.0 + 0.1 was obtained.

The solution was then diluted to 1000 ml. s

-

'Preparation of Supporting Electrolyte ZM KCN

130.0 * Géh g of Baker Analyzed Reagent potassium cyanide
'was dissolved in 500 m1 of glass-distilled water and di]uted'to
"o 1000 mil. ' ‘

~

o . -
~ B-2  Scan of Supporting,Eleg;ro]ytes to Determine Peaks for Trace

Reference Electrode

Ag/AgCl (Sat. KC1)

SN Metal Analytes \ o .
0.2M (3 pH) Jmmonium Citrate '
Scan Parameters . . X
Mode - - ' ‘ app' _ ~
Sensitivity = 15 % 1010 A/mm
). . Scan Range T 40,2 t0 -2.00 V
Start/Stop J +0.14 to -1.176 ¥~
t drop ' ‘ 0.4 sec ' _
mn/t drop ‘ - 0.5 mm B
Pulse -Voltage =25 mV
N Degas "15 mins . /
. Working Electrode D.M.E. ,
Auxilliary Electrode Pt |
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- "“ \ . ) t \
2M_KCN o =
Séan Parameters - ) _
- Mode o dpp ' : ’ ) a
Sensitivity T 1.5 x 1010 A/mm '
Scan Range - +0.2 to -2.00 v
- Start/Stop ’ A -0.8 to -1.70 V
t Drop ' i 0.4 sec )
mm/t drop : - 0.5 mm ' -
Pulse Voltage -25 mV
N2 Degas =~ . : 15 mins K S
Working Electrode " D.M.E. \\V’///
' Auxilliary Electrode Pt -
Reference Electrode Ag/AgC1 (Sat. KC1)
The divisions (mm) of chart for the peak values at the respective
Ey/2 values are shown -in Table B-1.
¢ ~
TABLE B-1
i
, Reaction , . Chart div.\Ea/z peak or mm.
© o cu?t+2e 2 Cu . 1.0¢ ) )
Pb2t + 2e ¥ Pb 2.0 (4. ) .
Cd2+ +2e * Cd 0.8 (1.6 mY)
“In2+ +2e + In 1.5%3.0 mm)
NiZt +2e iy . 0.5 (1.0 mm)
, Y
Preparation of Standard Solutions for Sensitivity and : .

Spiking Tests

¢
Glass-distilled water was used throughout the dilution

. e . 5. .
G ST RPY T I T .
FOAPTRENL < o P L Sl TR R sl . Y



Nickel ’ - ’ ’

£ 100.00 + 0.08 ml' to provide an auxilfary solutian of 100.0 £ 0.3

ppm Zn. 10.00 = 0.02 ml of the 100 ppm solution was diluted to ’Ej'

A-28 T Y "
b .
N
| 10.00 # m] of cadmium stock solution was diluted to

100.00 = 0.08 ml to provide an auxi]1ary solution of 100. 0.+ 0.3 ppm -.
cd. 1. 00 0 01 mT of the 100 ppm solution was then diluted to
100. 00 0.08 ml to prov1de a solution of 1.00 = 0.01 ppm Cd.

 Goppes

10.00 * 0.02 ml of copper stock solution was diluted to

"100.00 +-0.08 mi to provide an auxiliary solution of 100.0 + 0.3

ppm Cu. 10.00 + 0.02 m} of the 100 ppm solution was diluted to ‘

>

100.00 £ 0.08 m ij provjde a 10.00 = 0,05 ppm Cu cotution. . %
Lead §
;

10.00 + 0.02 ml1 of lead stock soluf?on was diluted to

100.40 + 0.08 ml to provide an auxifiary solution of 100.0 * 0.3

ppm Pb + 0.02 ml of the 100 ppm solution was diluted to - “ X
100.00 £ 0.08.ml to provide a 10.00 * 0.05 ppm Pb solution. - - .

10.00 £ 0.02 m]l of nickel stock solution was diluted to.

ppm Ni. 20.00 * 0.04 ml of the 100 ppm solution was diluted to
100.00 + 0.08 ml to provide a solution of 20.0 + 0.1 ppm Ni.
Zinc

™~

10.00 + 0.02 m1 of stock.zinc .solution was d11uted to

100.00- + 0.08 ml to provide an auxiliary solution of 100.0 # .




100.00 + 0.08 m} to yield a solution of 10.00 + 0.05 ppm Zn.

. B-4 Preparation of Synthetic Solutions for Sensitivity Tests

Related to dpp/

Copper, Lead, Cadmigk\andZinc: . -

Ihe'following addi;zons were made to 10 ml of the supporting
electrolyte 0.2M ammonium citrate. The selution was then diluted

to 18.00 + 0.04 m4 The zinc solution was treated separately to a‘

final volume of 20.00 * 0.04 ml. ' ’ /
— N . .
Cu:- 0.900 + 0.005 ml of 10.00 % 0.05 ppm = 0.500 + 0.006 ppm

Pb:- 0.300

I+

0.005 m1 of 10.00 + 0.05 ppm = 0.167 + 0.004 ppm

Cd: 0.0222 + 0.0004 ppm

'

+

0.400

I

0.005 ml of 1.00 + 0.01 ppm
In:- 2.50 x 0.0 ml of 1.00

¥

Nickel: S

1+

0.01 ppm = 0.1250 + 0.0017 ppm

A

The‘?ollowing addition was made to 10 ml of 2M KCN supporting
electrolyte. The solution was then diluted to 25.00 + 0.04 m.

Ni:- 6.25 + 0.01 ml of 20.0 £ 0.1 ppm = 5.00% = 0.043 ppm . -

! I
-

B~-5 Sensitivity Tests fdr the Metal Analytes
| The 0.2M'§mmonium citrate ;olution was tested'prﬁgressive]y
starting at thé 1east'neggtive E}/z value (i.e. Cu-Pb-Cd-Zn). The
2M KCN solution was tested for Ni onfy. The 0.2M°so]ut§on was .
tested as is for copper;and retested after a copper spike.‘ This

solution was then tested for lead and retested after a lead spike.

The procedure was repeated for zinc. The 2ZM so]uti?n'was

tested as is for nickel and retested after a nicke} spike. Each

e e g T




™ 4 A-30 -

system was run in triplicate.

Copper
Sensitigity
. Blank
Range
Start/Stop
t drop B
mm/t drop
Pulse Voltage
N> Degas o -
Working Electrode :
Auxiliary £lectrode
Referance Electrode

Start:- Cu = 0.9 m1/18 ml x 10 ppm =
Peaki- (1) 9.50 - 0.25 = 9.25 diy =
(2) 9.75 - 0.25.= 9.50 div =
(3) 9.25 - 0.25 = 9.00 div =
Ave:- 9.25 + 0.25 div = 18.5
Spike:- 0.400 £ 0.005 ml of 10.00 *
. tu = 0.706° + 0.098 ppm.
‘Peak:- (1) 13.50 - 0.25 = 13.25 div

(2) 13.50 - 0.26/= 13.25 div
(3) 13.75 - 0.25 = 13.50 div

4+

1

6 x 10°10A/m

0.25 div (0.5 mm)

+0.2 to -2.00 V

+0.112 to -0.256 V

0.4 sec

0.5 :

=25 mv

15 mins

D.M.E. . . -
Pt -

Ag/AgCl (Sat. KC1) ) s,

0.509/: 0.006 ppm
18.5 mm
19.0 mm
18.0 mm

+ 0.5 mm.

0.05| ppm (total volume 18.40 =0.04 ml) .

’ + Vd
.

26,5 mm
26.5 mm

27.0 mm ‘ K <§b

- Ave:-13.33 + 0.14 div = 26.7 * 0.3 mm.

Sensitivity at 6 x10-10 A/mm given by:

Start:- 0.500 + 0.006 ppm _

18.5 + 0.5 mm

= 0.0270 *+ 0.0009 ppm/mm




A-31

v 5 = u 8 , - t
Spike:- 2:706 : g'gozm PP® - (.0265 + 0.0006 ppm/mm

26.7
‘ - - - -/
Sensitivity at 1.5 x 10~10 A/mm = 0.0066 + 0.0002 ppm/mm |
Ey/p (Cu) = -0.0614, -0.0600, ~0.0558 = -0.059 + 0.003 V
- vs Ag/AgC1 (Sat. KC1) g
Lead-
Sensitivity ‘L ' 1.5 x 10-10 A/mn ) |
. , Blank 2.0 div (4.0 mm) | \
. Range . -0.2 to -2.00 V- . ‘
.-Start/Stop v ' -=0.2 to -0.576 V ' ~\
/ ¢
t drop o 0.4 sec o
nm/p drop . 0.5 ‘ ! |
Pulse Voltage ) =25 mv ‘ ) | i
N2 Degas ‘ 15 mins S , ; . Xi
Working Electrode ‘ D.M.E. - o '
Auxiliary Electrode o Pt )
. Reference Electrode Ag/AgCt (Sat. KC1) §
Start:- Pb = 0.3 mi/18.4 ml x 10 ppm x 0.163 + 0.004 ppm
Peak:~ (1) 11.0 - 2.0 = ?.0 div = 18.0 mm '
) (2) 17.0 - 2.0 = 9.0 div = 18.0 mm L _ -
(3) 10.0 - 2.0 = 8.0 div = 10.0 mm
Ave:- 8.66 + 0.57 div = 17.3 + 1.} mm.

+

-Spiké:— 0.150 + 0.005 m1 of 10.00 *+ 0.05 ppm (total yolume 18.55:0.04 ml)
Pb = 0.242 + 0.01" ppm | ’
Peak:- (1) 16.0 - 2.0

o

28.0 mm

= 14.0 div =
(2) 16.5 -~ 2.0 = 14.5 div = 29.0 mm
(3) 15.5 - 2.0 ="13.5 div = 27.0 mm

Ave:- 14.0 + 0.5 div = 28.0 =+ 1.0 mm.

-~
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Sensitivity at 1.5 x ]O']O’A/ﬁﬁ given by: S .

. Spike:-

F
¥

"

0.163 = 0.003 PPM - ¢,00942 + 0.0005° ‘ppm/mm

17.3 £ 1. mm 0 ' ’

0.24% £ 0.01' ppm _ o 00ac® 4 0. 00065
28.9 + 1.0 my -

I

Start:-

ppm/mm

Sensivitity at 1,5 x 10710 A/mn = 0.0090 + 0,0005 ppm/mm

]

E 1/2 (Pb) = -0.2, -0.368, -0.360 = -0.367 = 0.006 V A
‘ ;.o Vs Ag/AgCl (Sat. KC1) y
-Cadmium ‘
Sensitivity T © 1.5 x 10710 A/mm.
Blank > ~—~_ 0.8div (1.6 m) «
Range . S ‘\\\\_4 +0.2 to -2.00 V
Start/Stop . == -0.4 to -0.712 V
t drop - ' s " 0.4.sec ;
mm/t drop T - 0.5 , . '
Pulse Voltage "' + T =25y ' : : o .
N2 Degas = _ 15 mins’ e " )
Working Electrode N . D.M.E.- , ‘
s . —_— .
Auxilidary Electrode .. Pt o _ : _ /
Reference Electrode , Ag/AgC} (Sat. KC1) . . -
. .."-' ~ LT . 3
. Start:- Cd = 0.4 m1/18.55 + 1.00 = 0.0216 + 0.0004 ppm - A
' Peak:- (1) 3.5 - 0.8 3'2f77d3v = 5.4 mm h
- 7 (2) 3.2-0:82 2.4 div=4.8m ° Tt
(3) 3.8 - 0.8 = 3.0 div = 6.0 mm ;

Ave:- 2.7 + 0.3 div = 5.4 + 0.6 mm.

AY
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> Serfsitivity at 1.5 x 10-10 A/mn given -by: »

i’

. " s . :
% 6.0216 + 0.0004 ppm _ :
Sta,rt.- | 575 0.6 mpp = 0.0040 + 0.0004 pp[n/m

o ’ . |

0.0040 + 0.0003 ppm/mn

i+

Spike:- 0.0320 * 0}0006 ppre _

7.9% + 0.50 R \
- 7. Sefsitivity at_1.5 x 1010 A/mm = 0.0040. + 0.0004 ppm/mm '
‘ Ej/z = -0.563, -0.572, -0.571, = -0.569 + Q.0005 V vs Ag/AgC] (Sat.KC1)
. | 0 k i <. ° Q' : ’
' 3o ,‘ - Z'inc ) * ) = . ' ’ '
) Sensitivity : . g 1.5 x 10710 A/mm
Blank S 1.5 div (3.0 mm)
’ . Range a8 "+0.2"to -2.00 V
Start/Stop ' _ -0.8 to -1.176 V
t drop ’ - 0.4 sec
m/t drop - i Tt 0.5
Pulse Voltage _ 3 - -25%mv .
N; Degas ’ o ) 15 mins . -
_Morking Electrode  © . . D.M.E. n
‘ Auxiliary Electrode » .. Pt .
" .., Reference Electrode 7 .—" . Ag/AgC1 (Sat. KC1) o .
r . b R . ™
i v - N .
: - Yy .
- [« ¢ ¢ /":L !
ﬂ ° -y '
/
\ a 2
\ . ‘
L ' - X 5 - ~2 “ 1 - ! 2

Spike: ' 0.200 £.0.005 ml of 1.00 £ 0,01 ppm (tota) volume =18.75+0.04 ml) . .

Cd = 0.0320 0.0006 ppm A L
Peak:~. (1) 4.8 - 0.8 = 4.0 diy =8.0m . -
© (2) 4.5-0.8=3.7div=7.4m X
- (3)5.0-0.8-424iv=84m .'
; Mvei- 3.97-x 0.25 div = 7.9% £ 0.50 mm. | ,

ST
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Start:-

,Spike:‘u

Pulse Voltage L _ -25 mV

A-34 T -

b .
2.5/20 x 1.00 = 0.1250 = 0.001 ppm

[}

Stai‘t:- In

Peak:- (1) 14.0 - 1.5
(2) 14.5 - 1.5

: “

(3) 13.8 - 1.5 = 12.3 div = 24.6 m

Ave:- 12.60 + 0.36 div

12.5 div = 25.0 mm

n

13.0 div = 26.0 mm ‘

25.2 + 0.7 mm ¢,

Spike:- 1.00 £0.01 ml of 1.00 +0.01 ppm (total volume 21.00+0.04 ml)

In = 0.1667 + 0.006° ppm

. - w
Peak:~  (1)19.2 1.5 = 17.7 div = 35.4 m
. (2) 19.0 - 1.5 =17.5div = 35.0m | .
(3) 19.8 - 1.5 = 18.3 div = 36.6 mn .
Ave:- 17.83 £0.4) div = 35.7 £ 0.8 m.
Séﬁsifivity at 1.5 x 19"10 A/mm given by:, - ¥ .

0.1256 '+ 0.0017 ppm
25.2 + 0.7 mm

+.

= 0.0050 £ 0.0002 ppm/mm

0.1667 + 0.0065 ppm
-35.7 + 0.8 mm
J (

Sensitivity at 1.5 x 10710 A/mm = 0.0048 £ 0.0002 ppm/mm

= 0.0047 + 0.0002 ppm/mm

Eyjp = -0.965, -0.975, -0.965 = -0.968 + 0.006 V vs Ag/AgCl (Sat. KC1)

y

Nickel  « l . .

Sensitivity o . 6 x 1079 A/mm ‘

Blank . * 0.01 div (negligible)-

Range L S -40.2 to -2.00 V

Start/Stop ' . ‘ . -0.8t6 -1.70 V
Ctdrop _ L 0.4'sec _

mm/t drop : o . ' E 0.5

P f

w




> T4
N, Degas o ‘ *15 mins
Working Electrode - ," D.M.E. .
AuxiliaryElectrode Pt ’ :
. Reference Electrode - ‘ Ag/AgCl (Sat. K€1) -+
Start:- 6.25/25 x 20 = 5.00 +%.04 ppm Co ' %
Peak:- (1) 12.5 div = 25.0 mn R
R (2) 2.2 divL 244 m
(3) 12.8 div = 25.6 mm . ) ’
Ave:- 12.5 ¢ 0:3 div = 25.0 £'0.6 mm
. ' '@ . ‘ \
. Spike: 5.00 +0.01 ml of 2Q.0 +0.1 ppm (total volume = 30.00 + 0.04 ml)

s

Ni = 7.50 = 0.08 ppm

Peak:- (1) 18.8 div = 37.6 mm
(2) 18.8 div=37.6m P

(3) 19.0 div = 38.0 mm .
Ave:- 18.9 + 0. T/d1v 37. 8*+ 0. 2 mm

Sensitivity at 6 x 10-9 A/mm given by:

5.00 + 0.04 ppm ] .
75.0 + 0.6 Tm 0.200 = 0.007 ‘ppm/mm

Start:-

7.50 + 0.08 ppm
37.8 £ 0.2 mm

© Spike:- = 0,198 + 0.002 ppm/mm
Sensitivity at’s x 10-9 A/mm = 0.199 + 0.007 ppm/mm

Sensitivity at 1.5 x 10°10 A/mm = 0.0050 + 0.0002 ppm/fm

1 b + .
E 1/2 = -1.338, -1.339, -1.336 = -1.338 £ 0.002 V vs Ag/AgCl. (Sat.KC1)

4




o .
TABLE B-2 ~
. ‘ A . '. - -1b. E l. ‘E‘.*
. Metal Sensitivity at:1.5x10~'U A/mm 1/2 1/2
T, Based on 1 mm Lppqﬂ ) . vs Ag/AqCl * (Actual)

¥

b 0.7 © T 0 -0.059 - -0.071 “ |
P67 0,009 ™ -0.367, - <0.39 \
. Cd. o - .Q.008 . T *-0.569  -0.571 - | ‘
Zn | 0.005 © o -0.968  -1.00
Ni . . a0.005 e <13 41320
. \ - ‘ |

B-6 Ana1y51s of F1sh Tissue by dpp for the Metal Analytes '

&
Six samples of dried' fish t1ssue;were prepared by weighing .

2.0000 = 0.0002-9 and subjecting them/benera11y tp_the dry ashing

and tékep-up techﬁiques referredatp in Séction 3.2. Three such sets

were prepared, the.purpose and final dilutions being as noted. Blank

N v, M
samples were carried along with each set.

4+

Set1  Cu, Pb, Cd,  30.00 +.0.04.ml final dilution with
L o 0.2M amm. cit. . =~ g

+

0.04 mi final dilutioh with AN

lset2 oz -, 20.00
’ ' '0.2M amm. cit. ‘ x

\+t"

-0.04 m final d11ution,w1th
2M KCN

set3 . NP C . 20.00

Coggpp" B . _— o _— J . | . ‘K

v

For each sample, .28 'ml of blank and origina1 so]utipn'Were

chargéd to polarographic cells and tested as-is and spiked at the L

following parameters (the blank was not spiked).
¥ » ' .

*As given by: L. Meites. "Polarograph1c Techniques", Intersc1ence.
. .. N.Y., 2nd Edition, 1967.




Sensitivity

Range
Start/Stop
t drop
nm/t drop

Pulse ﬁ%]tage

N2 Degas

zworking Electrode

Auxi]iary Electrode
Referencg Electrode

‘ The results obtained were:-

#1  as~is:-

Spike:-

7.8 - 0.25 blank = 7.55 div }
28.00 £0.04 ml x % pg/ml + (1.00£0.01 mi x 10.00+0.05 ppm)

A-37 ¢

.
[

\ 6 x 10710 A/m

L +0.2 to -2.00 V
+0.14 to -0.308 V

. 1 0.4 sec
i 0.5
| -2
15 min
D.M.E.
S

. Ag/AgC1 (Sat. K

15.1_mm

X ug/mi

=28 X + 10
S

9

X = 0:415
 12.45

x:

”

L‘245+°‘2H9 622

2. 0000
6.22 *

7.8 - 0.25 =
© 28 X + 10

29
0.403

12.09
. 6.05

+

H+

H+

+

+ 0.0é ppm_Cu.in dried fish‘tissue.

29.00 + 0~04 ml
ug/m1 for 13.8 = 0.25 div =

0.004 ug/ml original solution
0.12 ug/30 m] original solut1on

0.06 ug
0.0602 ¢ g

0.06 ppm Cu in dried fish tissue

7.55 div = 15.7 mm

H

ug/ml for 14.0.- G.25
0.004 ug/ml original salution

0.12 1g/30 ml o}igina1 solution

X pg/ml

13.75 div

27.5 mm.

13.55 div = 27.1 mm
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RS
“e

B 8.0 - 0.25 = 7.75 div = 15.5 mm

X ug/mi v .

v \\
pg/mi for 14.5 - 0.25 = 14.25 div = 28.5:m.

13

’ 28 X +10
oo T
. ' . L
. X =10.395+ 0.00°+ ug/m} original solution
‘ l‘l].@;‘ % 0.]2 ug/BOJh'ﬂ original solution = . .

5.92 + 0.06 ppm Cu in dried fish tissue. !

, ' ’ "y
# 7.5 -0.25 = 7.25 div = 14.5 mm = X ug/m) - ;
L B0 ,0/m for 13.8 - 0.25 = 13.55 div = 27.1 m.

.7 X'z 0.381 £ 0.004 ug/ml original solution
= 11.43 £ 0.12 ug/30 m1 original solution

-5.72 + 0.06 ppm Cu in dried fish tissue.

I4

#5 7.8 - 0.25 = 7.55 div = 15.1 mm

2? X ; ] pg/ml for 14.2 «kOtZS

X =0.391 + 0.004 ug/ml original solution

-on

X ug/mil

it

13.95 div=27.9 m v

- 173 ¢ 0.12 1g/30 ml original solution
5.87 ppm Cu in dried fish tissue.

T Al 7.8 - 0.25 = 7.55 div = 15.1 mm '—'v)(g/ml »
28 X210 ug/m1 for 1315 -.0.25 = 13.25 div = 26.5 fm, |
- . X = 0.437 £ 0.004 ug/ml original solution’
) .

13.11 £ 0.12 ug/30 ml original solution

i+

\3 . 6.56 + 0.06 ppm Cu in dried fish tissue. K ‘ -,

Overall average and standard deviation = 6.0° + 0.‘30.
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, Lead .

For each sample, the residue from the blank and the spiked

test for copper was teited as-is for the blank and residue $olution

and “spiked with lead for the res{due solution only.

Sensitivity . " 1.5 x 10710 A/mm

Range ' +0.2 to -2.00 V

Start/Stop , -0.2 to -0.464 V '

t drop = | ) 0.4 sec ’

mm/t drop ‘ 0.5

Pulse Voltage ' -32 mV

No Degas I 15 mins

Working Electrode o D.M.E.

Auxiliary Electrode ~ - Pt

Reference Electrode ' Ag/AgCl (Sat. Kt]) R

#1 as-is 10.00 - 2.0 = 8.0 div = 16.0 mm = 28/29 X ug/ml

. (28.00+0.04 m) x X ug/ml + (0.300+0.005 ml x 10.00:t0;05 ml )

Spike 29.30 + 0.04 ml

o

| X3 ugyml for 20.8 - 2.0 = 18.8 div = 37.6 mm
. § 4
J

", X= 0.077 + 07005 ug/ml original solution
2.31 £ 0.15 ug/30 ml original‘solution

1.16 = 0.08 ppm Pb in dried fish tissue. - , ot
#2 10.8 - 2.0 = 8.8 div = 17.6 mm = 28/29 X pg/ml
28X 23 ug/m for 22.4 - 2.0 = 20.4 div = 40.8 mm.

.'.X = 0.080 £ 0.005 ug/ml original solution
' 2.40

H+

0.15 ug/30 m! original solution

—
N
o
1+

0.08 ppm Pb in dried fish tissue.
\ : ‘

T
o)
e
-




#3

#5

" #6

A-40

9.1 -2.0=7.1 div = 14.2 mm = 28/29 X ug/ml

28 X + 3
7293

ug/ml for 20.3 - Z.Q

©.. X = 0.067 + 0.005 ug/ml original solution
2.00

+ 0.15 ug/30 ml original solution
1.00 + 0.08 ppm Pb in dried fish tissue.
8.9 -.2.0 = 6.9 div = 13.8 mm = 28/29 X ng/m
BXL3 ug/m for 20.2 - 2.0 = 18.2 div = 36.4 mn

.. X = 0.064 + 0.005 ug/ml original solution
1.93
0.97

0.15 ug/30 ml original solution

+

i+

0.08 ppm Pb in dried fish tissue.

9.8 - 2.0 = 7.8 div = 15.6 mm = 28/29 X ug/ml
BXL3 yg/ml for 21.0 - 2.0 = 19.0 div = 38.0 mm
.. X =\8;073 + 0.005 ug/mi original solution
2.20 £ 0.15 ug/30 ‘ml driginal solution
1.10 + 0.08 ppm Pb in dried fish tissue.
‘ - .
70.3 - 2.0 = 8.3 div = 16.6 mm = 28/29 X ug/ml

2R3 wa/m for 21.6 - 2.0 = 19.6 div = 39.2 mm

.. X = 0.079 + 0.005 ug/ml original solution
" 2.36 + 0.15 1g/30 ml original’ solution
1.18 + 0.08 ppm Pb in dried fish tissue.

Overall averdge and standard deviation = 1.10 = 0.09 ppm.

T T T S e b 1 T T e

18.3 div}ﬁ 36.6 mm

v
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t
Cadmium 'l \ -
For each sample tested, the residue from the blank and,.the spiked
v
test for lead was tested as-is and spiked for cadmium at the

A

following parameters:-

(S;tsitivity 1.5 x 10710 A/mm

Range ) . - +0.2} to -2.00 V .
Start/Stop L © =04 to -0.776 V. | ;
t drop 1 . » : 0.4 sec 1

mm/t drop ’ 0.5

Pulse Voltage ' -32 mV

N2 Degas . . 15 mins

Working Electrode D.M.E..

Auxiliary Electrode Pt -

Reference E]ecé':rode F o Ag/AgC1 (Sat. KC1)

#1 as-is 4.0- 0.8 = 3 2 div=6.4 mm = 28/29.3 X ug/ml .

_28 00+0 04 m x X ug/ml + (0.300 +0.005 m1 x 1.00+0.01 ppm)
29.60 + 0.04 ml

A Spike:

28 X + 0.3
29.6

’ ‘ ¢

.ug/mt for 6.4 - 0.8=5.6 div=11.2 m

. X = 0.014 £ 0.001 ug/ml origindl solution . &
0.42

0.21

0.03 ug/30 ml original solution

H

+

0.02 ppm Cd in dried fish tissue.

#2 3.4 - 0.8 =2.6 div=25.2mm= 28/2§.3 X ug/ml

%Giéug/ml for'5:8 - 0.8 = 5.0 div = 10.0 m'
". X = 0.011 £ 0.001 ug/ml original solution

0.34 £+ 0.03 ug/30 ml original solution -

i+

0.17 + 0.02 ppm Cd in dried fish tissue.

H



© A2 ¥
, , . . - // }
£ 3.0-08=2.2div = 4.4 mm = 28/29.3 X ug/m1 [
: L

. . “ i

v BB ygmi for 7.0 - 0.8 ='6.2 div=12.4 m g

= 0.0058 + 0.0004 ug/mi original solution
0.172 £ 0.012 pg/30 ml original solution

* .. 4 ; \ “
¢ . 0.087 + 0.006 ppm Cd xaried. fish tissue.

: Bl S 5.5 - 0.8 = 4.7 div = 9.4 mm = 28/29.3 X yg/ml

: 7 8 x+0.3

\ ‘ . =5F ug/mlfor80-08 72dw=/4/"”“‘“ ' Do

. X =0.019  0.002 ug/ml” original solution

IR O% el

0.58 + 0.06 ug/30 ml om‘gina] solution

mari &

0 29 + 0.03 ppm Cd in dmed fish tissue.

#5 3.2 - 0.8 = 2.4 div = 4.8 mm = 28/29.3 X ug/ml

8 L3 0:3 ug/m for 6.4 - 0.8 = 5.6 div = 1.2 m

= 0.0078 + 0.0006 pg/ml original solution
0.24 + 0.02 ug/30 ml original solution
N 0. 12 O 01 ppm Cd in dried fish tissue.

#6 3.8 - 0.8 = 3.0'div

It

6.0 m = 28729.3 X ug/ml

28 25=22 ug/ml for 7.1 - 0.8 div=12.6m

". X = 0.0095 + 0.0009 ug/ml original solution h% s
0.28 + 0.03 ug/30 ml original solution - K
0.14 + 0.02 ppm Cd in dried fish tissue. L

OslreraH average and. standard deviation = 0.17 * 0.07 ppm. '

\
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Zinc

For each sample, the 20.00 +
- up was diluted to 1/10 by tak1n9 2.00

and diluting 1t to 20.00 #
used:-.

Sensitivity |
Range . .
Start/Stop

t drop

mm/t drop /
- Pulse Voltage

N2 Degas

MHorking E]ectrod&
Auxiliary E1ectrode
Reference Electrode
#1 16.6 - 0.2 =

as-is 16 4 div =

Spike:

0.04 ml.

\ %

0:04 ml solution originally made
£ 0.01 ml of original solution

The following paré%eters were

1.5 x 10-% A/ *
0.2 to ~2.00 V.
-0.8 to -1.176 V
0.4 sec
0.5
«32 mV
" 15 mins /
D.M.E.
Pt
Ag/AgCl (Sat. KC1)

32.8 mm = X ug/ml

120 00 +0.04 m1) x X ug/ml + (2.00+0.01 ml1 x.10. 00-+0 05 ppm)

20 X + 20
IR

. X=1.31 £ 0.00 ug/m dil.

+

ug/ml for 26.5 - 0.2

22.00 £ Q. 04 ml

az&amv=

~

solution

52.6 mm

0.2 11g/20 ml dil.

1+

' T
} _ 26.2 solution

H+

v ‘ 26.2 + 0.2 ug/2 ml original solution ~

26.2

H

2 ug/20 ml origina] solution

131 + 1 ppm Zn in dried fish tissue

i
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#2

#3

#4

#

17.1 - 0.2 = 16.9 div = 33.8 mm = X pg/m W

20 X220 yg/m for 27.0 - 0.2 = 26.8 div = 53.6 m
. | ‘
. X'=1.34 £ 0.01 pg/m dil. solution o \

'=1.34 £ 0.01 pg/ml dil. solution

16.1 - 0.2 = 15.9 div = 31.8 mm = X pg/ml

20 X + 20
St

= ug/m for 26.1 - 0.2 = 25.9 div = 51.8 m

1.26 + 0.01 ug/ml di}. solution

25.2 + 0.2 ug/20 ml dil. solution

25.2 + 0.2 ug/2 ml original solution

252 + 2 ug/20 ml original solution

126 + 1 ppm In in dried fish tissue.

13.4 £ 0.1 ug/ml original solution \

268

I+

2 ug/20 ml original solution . \
P * ‘ \

134 + 1 PPm In in dried fish tissue.

18.1 - 0.2 = 17.9 div = 35.8 mm = X pg/ml
d ' e

29—"7‘23-29 ug/ml_for 28.9 - 0.2 = 28.7 div = 57.4 mn
= 1.31 £ 0.01 ug/m dil. solution )

13.1

-+

0.1 ug/ml original solution

131 + 1 ppm Zn in dried fish tis;sue.

17.1 - 0.2 = 16.9 div-= 33.8 mm = X ug/ml

20 X + 20

55 ug/ml for 27.0 - 0.2 = 26.8 div = 53.6 mn’ _ )
)

13.4 + 0.1 ug/mi original solution -t
134 + 1 ppm Zn in dried fish tissue. |

- -/




A-45

. #6, 16.4 - 0.2 = 16.2 div = 32.4 mm = X pg/ml

. 20 X220 yg/m for 26.4 - 0.2 = 26.2 div = 52.4 m

T.X=1.28

H

0.01 ug/ml dil. solution

M

. 1?.8 0.1 ug/ml original solution .

. R SN
. . 128 =+ 1 ppm ZIn in dried fish tissue.

Overall average and standard deviation = 131 = 3.0 ppm.
Nickel ' _
For each sample, the 20.00 = 0.04 ml -original solution was

tested as-is. ‘The following parameters applied:-

Sensitivity. 6 x 109 A/mm

- & Range C 40,2 to -2.00 V
Start/Stop -1.00 to -1.528 V
t drop . g 0.4 sec
mm/t drop _ " 0.5
Pulse Voltage . L -32 mV .
No Degas = . C 15 mins
Working Electrodé - ' D.M.E.
Auxiliary Electrode _ - Pt ;
Reference E]ecprode N Ag/AgCl (Sat. KC1)

#1 as-is: 11.6 - 0=11.6 div= 23.2m = X yg/nl

‘.. /(20.00 £0.04 m1) x X pg/ml +‘ 5.00:0.01 ml x 20 ppm)
Sp"‘e/i' ). 7500 1 0.(()4 .

20 ng 100ug/m] for 19.3 - 0= 19.3 div = 38.6 mm

"X =4.63 £ 0.03 ug/ml original selution

Y92.6 + 0.6 u§/20 ml original solution e,
46.3 '

ad

0.3 ppm Ni in dried fish tissue.




. |
”‘ 42 1.5-0 = 11.5"d‘1‘v =23.0 m = X pg/ml o
39——"—%5—199'ug/m1 for 19.2 - 0 = 19.2 div = 38.4 mm ’
- X’ = 4,60 + 0.02 ug/ml oVr'lginal solution : . N @
92‘.0 t 0.4 ug/20 ml original solution | ‘
46.0 + 0.2 ppm Ni in dried fish tissues
#3 | \ 70.7 - 0 = 10.7 diy = 21.4 m = X pg/m
w o ZO__X__;_SJQ_QJQ/M for 18.6 “-_0 = 18.6 div = 37.2 mm
K ) VX = 8.26 ¢ 0.02 ug/ml1 original solution
42.6 +-0.2 ppm Ni in Qried fish tissue. N
& # 11.1 = 0 = 11.1 div.= 22.2 mn ='X Lg/ml ‘}
20 X2 100 \g/m1 for 18.8 - 0 = 18.8 div = 37.6 m’
! ' ' X =-4.48 £ 0.02 ;ug/m]ﬂ original solution i
' 44.8 + 0.2 ppm Ni in dried fish tssue. . o
- o #5 11.3-0 = 11.5;1N=2§.5n;n=Xug/m1 | | \\
oo : o 22200 Lg/ml For 19.0-- 0= 19.0 div = 38.0 m ,
’ X = 4.54 £ 0.02 yg/ml original solution’ ) |
L 45.4 £ 0.2 ppm N1 in 'dnried fish tissue: : ‘ . "'g,
#6 © 11.5-0 = 11.5 div = 23.0 mm = X ug/mi g
g 20 X + 100 ;5"’0 wg/ml for ’14.,2 - 0=19.2 div=384m o
.. X = 4.60 + 0.02°ug/ml original solution . N

© 46.0 ¢ 0.2 ppm Ni in dried fish tissue.

« . - A1l over average and standard deviation_= 45 + 1.
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